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PREFACE. 


The  following  Lectures,  which  are  published  at  the 
request  of  some  of  those  who  heard  them  at  the 
Royal  Institution  in  1891,  have  no  pretensions  to 
form  a  monograph  upon  the  subject  of  which  they 
treat.  They  are  merely  an  elementary  review  of  it, 
based  upon  modern  physiological  and  anatomical 
research.  It  is  intended  that  the  present  volume, 
which  discusses  the  spinal  cord  and  ganglia  alone, 
shall  be  followed  by  two  others — the  subsequent 
courses  of  the  Fullerian  Lectures — one  of  which  has 
been  already  delivered,  and  the  other,  it  is  hoped, 
will  be  given  in  the  coming  year.  These  deal  with 
the  structure  and  functions  of  the  great  brain,  or 
cerebrum,  and  the  little  brain,  or  cerebellum.  In  the 
last  course,  some  of  the  recent  results  of  research  in 
Physiological  Psychology  will  be  described. 
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LECTUEE   L 

The  study  of  the  central  nervous  system,  of  its 
structure  and  functions,  is  interesting  and  impor- 
tant to  every  one,  and  not  necessarily  only  to 
specialists,  such  as  neurologists,  anatomists,  and 
physiologists.  But  although  it  is  easy  to  construct 
in  our  minds  the  general  outline  of  the  nervous 
system,  such  as  we  see  it  exemplified  in  the  higher 
animals,  it  is  nevertheless  impossible  to  connect  our 
popular  preconceptions  of  its  function  with  the 
actual  facts,  as  they  are  now  being  rapidly  accu- 
mulated by  modern  research,  unless  we  first  pass 
in  some  sort  of  review,  however  brief,  the  growth 
and  development  of  the  ideas  on  this  subject,  many 
of  which  have  often  suffered  change  only  after  cen- 
turies had  familiarised  them  into  household  words, 
if  not  household  truths. 

A  good  example  of  the  object  of  our  study  is 
shown  in  Fig.  i — viz.,  the  central  nervous  apparatus 
as  it  exists  in  the  cat  :   the  main  parts  of  which  are 
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Fig.  I.  familiar  to  all  of  us— the  large 

brain  or  cerebrum  (C),  the 
small  brain  or  cerebellum  (Cb), 
and,  in  intimate  connection 
with  both  of  these,  the  spinal 
cord  or  marrow  (Sp.  C),  the 
upper  part  of  which  is  desig- 
nated the  medulla  oblongata 
or  bulb  (b).  In  intimate  rela- 
tion with  the  spinal  cord, 
observe  some  of  the  numerous 
spinal  nerves  which  arise  by 
two  roots — one  motor,  one  sen- 
sory— and  are  distributed  to 
the  various  parts  of  the  body. 

One  small  point  of  detail  I 
must  not  omit  from  this  out- 
line, on  account  of  the  extra- 
ordinary prominence  which 
was  given  to  it  by  the  ancients 
— I  mean  the  relativelv  un- 
important  fact  that  the  central 
nervous  system,  and  specially 
the  cerebrum,  is  tunnelled  by 
a  small  cavity,  which,  widening 
somewhat  above  in  the  larofe 
brain,    is    there     termed     the 
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lateral  ventricle.  It  is  well  shown  (LV)  in  this 
photograph  (Fig.  2)  of  a  transverse  section  of  the 
whole  head,  giving  you  its  true  proportions. 

Turning  now  to  the  subject  of  the  present  lecture, 


Fig.  2. 


The  skull  is  sawn  across  with  the  brain  in  situ. — Key  and  JRetzius. 

c.c.= Corpus  callosum. 

L  V=  Lateral  ventricle. 

c  =  Caudate  nucleus     ) 

T     i-     1  I        ^  Corpus  striatum. 

str  —  Lenticular  nucleus  j        ^ 

«,«= Amygdaloid  nucleus. 

jo  —  Pituitary  body. 

^=Base  of  skull  (basi-sphenoid). 

we  shall  be  astonished  to  find  that  the  ancients 
were  but  very  imperfectly  acquainted  with  the 
brain  and  spinal  cord,  and  that  it  was  not  until 
many  years  after  the  foundation  of  Greek  psychology 
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that  they  became  aware  even  of  the  existence  of 
nerves,  or,  as  we  now  prefer  to  call  them  collectively, 
the  peripheral  nervous  system.  Beginning  therefore 
with  Plato,  who  has  reflected  for  us  the  first  genuine 
crystallisation  of  thought  upon  that  combination  of 
structure  and  function  which  we  call  "neurology,"  we 
learn  at  once  the  intimate  relationship  which  popular 
beliefs  and  earliest  traditions  have  borne  to  what 
is  commonly  known  as  "psychology."  Thus  we  find 
that  he  starts  by  imagining  that  the  Deity  formed 
sublunary  beings  in  part  of  His  own  nature,  and  that 
to  these  the  duty  of  the  manufacture  of  animal 
bodies  was  entrusted.  In  man,  accordingly,  an  im- 
mortal part,  of  the  same  nature  as  these  sublunary 
beings,  was  supplied  with  a  body,  a  material  struc- 
ture. The  soul  consisted,  according  to  this  view,  of 
two,  or,  to  speak  more  properly,  three  parts,  which 
w^ere  (i)  the  spiritual,  the  intelligence;  (2)  the 
material,  which  included,  first  of  all,  anger  or  courage, 
or  the  passionate  element  ;  and,  secondly,  the  lower 
appetites.  And  here  we  have  clearly  shown  the 
popular  distinction  between  purely  mental  pheno- 
mena and  those  (other)  mental  phenomena  which  are 
more  easily  recognised  as  belonging  to  the  physical 
life.  The  next  step  was  to  apply  this  view  of 
human  psychology  to  the  bodily  system  as  then 
known.     This  was  achieved  as  follows  : — The  sphere 
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being  considered  by  the  ancients  as  the  symbol  of 
perfection,  Plato  regarded  the  more  or  less  globular 
head  as  the  seat  of  the  intelligence  and  of  percep- 
tion ;  while  as  to  the  more-  material  phenomena,  he 
placed  the  passionate  element  in  the  heart  (arguing 
imperfectly  from  the  changes  in  the  action  of  that 
organ  under  the  influence  of  passion),  while  the 
bodily  desires  he  assigned  to  the  lower  parts. 
This  psychology  was  gi-eatly  confused  by  many 
elaborate  corollaries  which  were  built  upon  it  as 
a  result  of  discussion  apart  from  direct  observa- 
tion. 

Hippocrates  and  his  pupils,  following  in  the 
same  hne,  became  led  into  a  number  of  hypothetical 
considerations,  which  involved  them  in  such  extra- 
ordinary errors  of  fact  as  to  render  it  impossible 
for  us  to  profitably  pursue  their  lines  of  thought. 

Even  Aristotle,  who  at  the  close  of  the  fourth 
century  B.C.  was  provided  by  Alexander  with  a 
splendid  laboratory,  furnished  with  specimens 
gathered  from  all  parts  of  the  world  at  practically 
any  cost,  although  pursuing  truly  scientific  investi- 
gation, was  led  into  similar  pitfalls  by  theorizing 
from  incomplete  observations.  Aristotle's  laboratory 
research  has  been  to  a  large  extent  preserved  to 
us — the  first  gTcat  example  of  the  results  of  State 
aid  to  science  ;  but,  unfortunatelv,  what  would  have 
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been  the  most  interesting  relic  has  disappeared.  I 
refer  to  the  anatomical  drawings  which  he  is  known 
to  have  had  constructed  by  many  artists.  His 
system  of  psychology,  which  is  divisible  into  the 
headings  of  imagination,  judgment,  and  sensation, 
soon  became  inapplicable,  in  the  progress  of  anato- 
mical knowledge,  to  the  actually  observed  structure 
of  the  nervous  system.  And  indeed,  when  we 
examine  his  views  in  detail,  we  find  that  he  did  not 
really  discover  the  nerves  as  separate  tissues  or  as 
having  special  functions ;  and  in  fact,  having  been 
led  from  theoretical  reasons  to  consider  the  brain  as 
merely  an  instrument  for  cooling  the  heart,  he  was 
obliged  to  regard  this  latter  as  the  seat  of  the  soul, 
or  as  we  would  say  nowadays,  perhaps,  the  mind. 
Hence  it  was  not  until  some  years  after,  that  solid 
progress  in  the  investigation  of  our  subject  was 
attained  by  the  only  legitimate  method — viz.,  direct 
scientific  observation  and  experiment — carried  out 
especially  by  Herophilus  of  Alexandria,  who  about 
300  B.C.  occupied  the  chief  position  in  the  extensive 
laboratory,  erected  by  Ptolemy  I.  in  a  large  building 
which  included  the  well-known  and  splendid  Library 
and  Museum,  built  among  the  palaces  in  the  Bru- 
chium  or  royal  quarter  of  Alexandria.  By  means  of 
his  human  dissections  he  was  the  first  to  discover 
the  peripheral  nervous  system  or  nerves,  that  these 
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latter  were  connected  with  the  brain  and  spinal 
cord,  and  that  they  conveyed  sensory  impressions. 
After  him  another  investigator,  whose  influence  was 
very  great — I  mean  Erasistratus — either  invented  or 
concentrated  prevailing  ideas  respecting  the  relation 
between  the  nervous  system  as  a  structure,  and 
mental  phenomena  as  its  function,  which  ideas, 
although  absurdly  erroneous,  nevertheless  held 
their  own  for  something  like  1500  years,  and 
were  based  upon  the  destination  of  the  air  which  we 
inhale  into  the  lungs.  Erasistratus  thought  that 
this  air  underwent  a  kind  of  elaboration  in  the 
lungs,  that  thus  altered  it  passed  to  the  heart, 
where  it  again  underwent  change,  and  from  the 
heart  travelled  to  the  brain,  where  in  the  ventricles 
it  became  converted  into  animal  "  spirit."  Now  this 
animal  "  spirit,"  or  "  vital  spirit,"  which  I  now  refer 
to  for  the  first  time,  is  a  most  interesting  fact  as 
regards  the  development  of  knowledge  of  the  func- 
tion of  the  nervous  system,  for  it  represents  the 
first  glimmerings  of  the  truth  that,  what  we  call, 
mental  phenomena  are  the  concomitants,  if  not 
the  results,  of  the  functional  activity  of  the  brain 
and  spinal  cord,  and  is  also  the  first  attempt  to 
refer  those  phenomena  to  their  undoubted  source. 
This  work  of  Erasistratus,  although  popularising 
vao-ue    and    illog-ical    views,    nevertheless    received 
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complete  and  scientific  examination  at  the  hands  of 
the  great  Koman  physician,  Galen. 

Galen,  who  was  of  Oriental  origin,  appears  to  have 
been  a  man  like  Hunter  of  modern  time,  in  that 
he  was  capable  of  regarding  such  a  great  subject  as 
that  which  we  are  now  examinino-  with  a  remarkable 
breadth  of  view,  considering  the  uncertainty  of 
general  knowledge  in  his  day.  Educated,  of  course, 
at  Alexandria  and  Pergamos,  his  ideas  on  the  nervous 
system  reflect  the  best  and  latest  teaching  of  those 
great  schools  ;  but  the  immense  advance  which  his 
writings  show  is  evidently  due  for  the  most  part  to 
his  own  genius,  an  example  of  which  I  should  like  at 
once  to  quote.  I  have  just  reminded  you  of  the 
origin  of  the  theory  of  the  animal  spirit,  or  pneuma. 
Galen,  while  he  accepted  the  existence  of  this 
pneuma,  showed  by  the  direct  experiment  of  opening 
an  artery  in  an  animal  that  it  was  not  the  one  thing 
of  importance  in  the  vascular  system  (as  Erasi stratus 
supposed),  but  that  the  blood-vessels  contained  blood, 
and  that  probably  the  pneuma,  or  spirit,  was  mixed 
with  the  blood.  Upon  this  last  point  he  gives  re- 
markable evidence  of  his  scientific  mind  by  stating 
that  he  has  no  proof — i.e.,  experimental — of  the 
existence  of  the  pneuma,  saying,  in  fact,  that  he  only 
regards  it  as  a  means  of  explaining  problems  other- 
wise inexplicable,  and  in  this  respect  his  use  of  the 
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expression  is  exactly  parallel  to  that  of  the  term 
"  ether  "  by  modern  physicists.  Following  no  doubt 
his  teachers,  but  improving  on  their  ideas,  he  believed 
that  the  brain  was  the  chief  of  the  nervous  structures, 
and  was  the  seat  of  all  sensation  and  voluntary  move- 
ment, and  by  his  great  anatomical  industry  he  disco- 
vered the  more  important  of  the  innumerable  details 
in  the  structure  of  the  brain,  nerves,  and  muscles. 
But  the  extraordinary  strength  of  Galen's  position, 
and  the  remarkable  force  of  his  writings,  many  of 
which  are  fortunately  preserved  to  us,  depend  upon 
the  fact  that  he  clearly  recognised  the  body  to  be  a 
physical  structure,  and  consequently  that  its  functions 
could  only  be  truly  determined  by  the  physical  method 
of  experiment,  and  it  was  by  the  employment  of  this 
method  that  he  discovered  not  only  the  fundamental 
facts  of  the  circulation  and  of  the  respiration,  &c.,  but 
determined,  by  devising  the  following  experiment, 
that  the  nerves  were  the  source  of  muscular  contrac- 
tion. As  we  shall  see  in  our  subsequent  study  of 
comparative  neurology,  this  discovery  by  Galen  of  the 
foundation  of  neuro-muscular  physiology  has  been 
the  key  to  all  subsequent  discovery  from  his  epoch— 
viz.,  from  that  of  the  Emperor  Commodus — to  the 
present  year.  The  experiment  by  which  he  re- 
vealed this  fact  was,  like  most  great  scientific 
advances,    a  very   simple   one.     He    divided  in  an 
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animal  the  fifth  spinal  nerve  in  the  region  of  the 
neck,  and  found  as  a  consequence  that  all  move- 
ment was  lost  in  the  muscles  of  the  shoulder  whicli 
were  supplied  by  that  nerve,  I  could  multiply 
laro-elv  the  wealth  of  knowledo-e  obtained  bv  Galen's 
observations,  but  time  will  not  permit  more  than 
another  example,  in  which  he  shows  the  folly  of 
reasoning-  without  experiment.  I  refer  to  Aristotle's 
great  theory  that  the  brain  cooled  the  heart.  Galen, 
by  simj)ly  exposing  the  brain  in  an  animal,  discovered 
that  it  was  as  hot  as  the  heart. 

In  the  chaos  wliich  followed  the  fall  of  the 
Roman  Empire,  and  in  the  unusual  transmigrations 
of  23eoples  which  accompanied  that  general  disinte- 
gration of  the  then  civilised  world,  we  are  quite 
prepared  to  learn  that,  like  all  other  forms  of  know- 
ledge, scientific  investigation  practically  ceased,  and, 
indeed,  only  received  cultivation  again  after  a  power- 
ful race  had  once  more  succeeded  in  constituting: 
itself  out  of  the  general  ruin.  This,  relatively 
speaking,  was  first  accomplished  by  the  Arabs.  As 
soon,  therefore,  as  we  find  them  settled  in  then-  new 
metropolis  at  Bagdad,  we  learn  that  a  College  of 
Medicine  was  instituted  by  the  Khalifs  ;  and  when 
the  Saracenic  dominion  was  carried  into  Sj^ain,  a 
similar  development  of  knowledge  was  obtained  bv 
the  institution  of   sj)lendid  libraries  and  schools  at 
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Cordova  and  Seville.  Here,  unfortunately,  with  all 
this  great  wealth  of  educational  appliances,  the 
religious  dogmas  of  this  singular  people  prevented 
their  achieving  as  wonderful  a  progress  in  neurology 
as  they  attained  in  chemistry.  For,  believing  as 
they  did,  that  the  soul  only  left  the  body  very 
slowly  after  death,  the  dissection  of  human  beings 
involved  too  great  risk  of  torture  to  the  dead  person 
to  permit  of  such  a  jDi'^ctice  becoming  general, 
and  for  this,  among  other  reasons,  was  consi- 
dered incompatible  with  Islamism.  Consequently, 
up  to  the  tenth  century  we  find  that  the  great 
Ai'abian  physicians,  who  added  vastly  to  our  know- 
ledge of  drugs  and  empirical  treatment  of  disease, 
were  nevertheless  reduced  to  furbishing  up  the  old 
Greek  views  of  neurology,  which  they  obtained  prin- 
cipally by  translations,  made  by  their  Syrian  slaves, 
of  the  manuscripts  which  fell  into  then"  hands  upon 
then-  conquest  of  Alexandria  and  other  Greek  cities. 
In  this  way  we  are  brought,  without  any  tangible 
progress  in  the  knowledge  of  our  present  subject, 
from  Galen's  time  mto  the  mediaeval  epoch,  which  we 
may  take  as  beginning  with  the  tenth  and  eleventh 
centuries  ;  but  it  is  an  interesting  confii-mation  of 
the  general  advance  made  by  the  Arabs  in  other 
branches  of  learning,  that  when  we  investigate  the 
circumstances  under  which  knowledge  of  any  kind, 
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but  especially  science,  was  brought  into  mediteval 
England,  at  the  time  of  the  Conquest,  we  find, 
that  the  English  monks  or  students  who  travelled 
abroad  for  the  purpose,  went  to  the  south  to  the  Arab 
Universities,  as  well  as  to  Athens.  Thus  the  intro- 
duction of  Greek  science  and  philosophy  was  achieved 
bv  John  Basvno^,  a  student  of  Oxford,  in  the  eleventh 
century,  who  travelled  as  far  as  Athens,  and  thence 
brought  back  the  MSS.  of  the  Greek  authors  ;  while 
a  Benedictine  monk,  of  Bath,  named  Abelard, 
travelled  among  the  Spanish  Moors,  and  spent  many 
years  in  Spain,  translating  both  Greek  and  Arabian 
MSS.,  which  he  subsequently  brought  to  England. 
Such  monks  also  produced  compilations  from  the 
Greek  MSS.,  one  of  the  earliest  of  which,  obviously 
based  upon  the  psychology  of  Aristotle,  is  to  be  found 
both  in  the  Cottonian  and  Ashmolean  collections  on 
Human  Physiognomy.  It  was  apparently  written  in 
the  year  1 152,  and,  bound  up  with  the  Oxford  copy, 
is,  for  us,  a  still  more  interesting  MS.  of  the  same 
epoch  on  the  structure  of  the  human  body,  and 
infinitely  precious  to  us  since  it  is  illustrated  by 
drawings.  Through  the  courtesy  of  Mr.  Nicholson, 
the  Bodleian  Librarian,  and  of  Mr.  Hart,  the  Con- 
troller of  the  Clarendon  Press,  I  am  enabled  to  show 
in   Fig.   3    an   outline    from  a  photograph  *  of  the 

*  Kindly  verified  for  me  by  J.  Fairbairn,  Esq. 
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drawing  which   illustrates    the    nervous  system   in 
this    valuable  work.     It    is    easy  to    see    that,    as 


Fig. 


a  matter  of  fact,  it  does  not  take  us  one  step 
beyond  the  ideas  of  Aristotle,  and  Galen's  teaching- 
is  almost  ignored.  That  is  to  say,  hundreds  of 
years  had  passed  by  without  the  difficult  problem  of 
the  nervous  system  receiving  practically  any  further 
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solution.  Notice  that  in  the  figure,  the  brain  is  not 
even  indicated,  a  significant  proof  of  the  contempt  in 
which  Aristotle  held  it  as  being  merely  a  cooling 
apparatus  ;  but  notice  also  that  the  artist  has  care- 
fully drawn  a  pair  of  nerves  arising  on  each  side 
from  the  central  cords,  the  correctness  of  which,  of 
course,  was  due  to  Galen. 

At  the  close  of  the  twelfth  and  the  beginning  of 
the  thirteenth  century,  the  Church  of  Rome  became 
apprehensive  of  the  results  of  the  introduction  of 
Greek  philosophy  and  science,  and  in  Paris  Aristotle's 
works  were  publicly  burned,  and  the  students  who 
read  him  were  persecuted  ;  in  a  short  time,  however, 
the  desire  for  truth  reasserted  itself,  and  the  Govern- 
ments of  the  various  countries  gradually  supported 
the  dissemination  of  learning,  and  enlarged  the 
foundations  of  the  Universities, 

With  the  E,enaissance  of  general  literature  in 
Italy,  there  began  that  remarkable  development  of 
physical  science  in  that  country  which  culminated  in 
such  a  brilliant  a»-OT"eofation  of  scientific  knowledge. 
The  study  of  anatomy  became  a  recognised  branch 
of  education,  and  with  the  lectures  by  Mondini,  who 
was  Professor  in  Bologna  in  1315,  we  find  a  com- 
bination of  mediaeval  anatomical  research  and 
Arabian  therapeutics.  Shortly  after,  all  the  Univer- 
sities followed  this   example,  and  provided  that  a 
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body  should  be   annually   dissected,    though   it    is 
rather    astonishing   to   find   that,    until   the    next 
century,  this  was  usually  performed  by  a  barber's 
assistant  with  a  razor.     In  the  fifteenth  century, 
anatomical   research   was    immensely    extended    in 
Italy,   and  formed   the   foundation   upon    which    in 
England  two  great  physiologists,  Harvey  and  Willis, 
succeeded  in  the  seventeenth  century,  in  erecting 
their  structures  of  the  circulation  and  nervous  system 
respectively,  which  effected  a  complete   revolution 
in  each  of  those  subjects ;  their  epoch  consequently, 
after  the  troubles  of  the  Commonwealth,  forms  a  fresh 
level  of  knowledge  which  has  undergone  extension 
rather  than  modification  during  the  two  centuries 
which  have  subsequently  elapsed.     It  is  now  only  206 
years  since  Willis's  researches  on  the  central  nervous 
system  Avere  published  in  his  native  language,  and 
they  exhibit  such  an  extraordinary  grasp   of  the 
function  (and  its  corresponding  relation  to  structure) 
of  the  brain  and  nervous  system  generally,  that  I 
shall  give   verbatim    some   of   his   statements,    for 
they  deserve  far   more   than   a  passing   summary, 
inasmuch  as  it  will  be  seen,  as  these  lectures  proceed, 
that  his  remarks  are  almost  invariably  logical  and 
accurate  deductions  from  the  actual  facts  which  he 
observed.     In  the  first  place,  we  may  note  the  way 
in  which  he  completely  throws  over    the  teachings 
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of  the  Greek  and  Roman  schools,  which  fell  into  the 
very  natural  but  profound  mistake  of  regarding  the 
peripheral  phenomena  in  tlie  heart  as  the  index 
of  local  psychical  changes,  instead  of  mere  secondary 
indications  of  central  ones.  For  he  states  that  the 
brain  is  "  the  chief  seat  of  the  rational  soul  in  a  man 
and  of  the  sensitive  in  brute  beasts  ;  and  indeed,  as 
the  chief  mover  in  the  animal  machine,  it  is  the  origin 
and  fountain  of  all  motions  and  conceptions."  But 
the  next  point  of  vital  importance  Avhich  he  iirst 
clearly  enunciated  was  that  which  occupies  the  at- 
tention of  all  neurologists  at  the  present  time,  and 
which  is  probably  the  greatest  advance  gamed  in 
psychology  ever  since  it  became  a  science — I  mean 
the  localisation  of  function  to  distinct  parts  of  the 
nervous  system.  The  first  place  where  he  show^s  us 
that  localisation  of  function  must  exist  is  when  he  is 
attempting  to  explain  the  reason  why  the  cortex  or 
surface  of  the  brain  is  thrown  into  convolutions,  or 
"  cranklings  '""  as  he  calls  them.  Upon  this  point  he 
speaks  as  follows  :  "  For  as  the  animal  spii'its  for  the 
various  acts  of  imagination  and  memory  ought  to  be 
moved  with  certain  and  distinct  limits  or  bounded 
places,  and  those  motions  to  be  often  iterated  or 
repeated  through  the  same  tracts  or  paths,  for  that 
reason  these  manifold  convolutions  and  infoldincrs  of 
the  brain  are  required  for  these  divers  manners  of 
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ordinations  of  the  aninial  spirits — to  wit,  that  in  these 
cells  or  storehouses  severally  placed  might  be  kept 
the  species  of  sensitive  things,  and  as  occasion  serves 
may  be  taken  from  thence." 

He  subsequently  developed  this  theory,  and 
showed  that  the  cortex  or  surface  of  the  brain, 
was,  as  we  now  know  it  truly  to  be,  the  seat  of 
origin  of  the  ideas,  and  further  that  (page  106) 
its  excitation,  which  he  represented  as  spirits, 
passed  from  the  cortex  into  the  substance  of  the 
brain,  and  thence  into  the  spinal  cord  and  nerves. 
The  passage  of  the  nerve  impulses  along  the 
nerves,  or,  as  we  now  know  them,  along  the  nerve 
fibres,  is  a  point  of  such  vast  importance  that  I 
may  be  permitted  here  to  digress  a  little  for  its 
discussion  ;  the  more  especially  as  WiUis,  by  reason 
of  the  imperfect  means  of  anatomical  research,  fell 
into  an  error,  which  itself  actually  becomes  in- 
vested with  the  greatest  interest  when  we  discover, 
as  we  shall  directly,  that  it  was  not  shared  by 
Willis's  great  contemporary.  Sir  Isaac  Newton, 
although  the  latter  was  not  a  physiologist.  Thus 
Willis  says  that  the  nerves  themselves,  as  may  be 
discovered  by  the  help  of  "a  microcosm  or  per- 
spective glass,  are  furnished  throughout  with  the 
cords  and  passages,  as  it  were  so  many  little  holes 
in  a  honeycomb."     And  he  goes  on  to  compare  the 

B 
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nerve  to  a  porous  cane.  The  passage  of  the  nerve* 
impulses  he  describes  as  follows  :  "  Within  these 
little  spaces  the  animal  spirits  or  very  subtle  little 
bodies,  and  of  their  own  nature  ever  in  a  readiness 
for  motion,  do  gently  flow."  And  he  subsequently 
goes  on  to  suggest  that  the  cerebral  spinal  fluid 
which  bathes  the  brain  and  the  spinal  cord  goes 
with  the  spirits,  thus  :  "This  nervous  juyce  being 
derived  from  the  brain  and  cerebel  into  the  medulla 
appendix,  is  carried  from  thence  by  a  gentle  sliding 
down  through  the  nerves."  Now  here  we  see  how 
so  great  a  man  as  Willis  was  influenced  by  general 
beliefs  prevailing  on  the  subject  of  the  soul,  &c., 
whereas  the  unbiassed  mind  of  Newton,  proceeding 
at  the  same  epoch  of  time  from  the  very  definite  facts 
of  experimental  physics,  forestalled  the  views  con- 
cerning the  nature  of  nerve  impulses  and  their 
passage  along  nerve  fibres  which  are  current  at  the 
present  day — i.e.,  about  200  years  after  he  wrote. 
For  among  the  celebrated  questions  which  are  to  be 
found  at  the  end  of  his  "  Optics,"  he  says  :  "  Qu.  12. 
Do  not  the  rays  of  light  in  falling  upon  the  bottom  of 
the  eye  excite  vibrations  in  the  tunica  retina,  which 
vibrations,  being  propagated  along  the  solid  fibres 
of  the  optic  nerves  into  the  brain,  cause  the  sense 
of  seeing  ? "  And  he  goes  on  to  show  why  it 
must  be  the  solid  part  of  the  nerve  which  thus 
conducts. 
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But  now,  leaving  this  point,  I  wish  to  make  one 
more  remark  concerning  Wilhs's  great  improvement 
in  our  knowledge  of  the  workings  of  the  brain  or 
cerebrum.  I  have  shown  you  how  even  Galen 
fell  in  with  the  views  of  the  later  Greeks,  and 
believed  that  the  ventricle  of  the  brain  had  a 
great  deal  to  do  with  the  activity,  if  not  the  manu- 
facture, of  the  animal  spirit — i.e.,  the  nerve  energy. 
As  Willis  says  :  "  The  ancients  have  so  magnified 
this  cavern  that  they  affirmed  it  the  shop  of  the 
animal  spirits,  both  where  they  themselves  were 
appropriated  and  performed  the  chief  works  of  the 
animal  functions."  And  then  he  goes  on  to  say 
that  this  is  absurd,  that  the  animal  spirits  are  such 
volatile  little  bodies  that  they  would  fly  away  out  of 
the  cavity  ;  and  it  is  very  amusing  to  read  his  more 
or  less  contemptuous  introduction  of  us  to  the  true 
function  and  object  of  this  cavity,  for  he  shows  that 
it  is  usually  lull  of  fluid,  adding,  "  Wherefore  almost 
all  anatomists  who  are  of  a  later  age" — observe  the 
word  "later" — "have  attributed  a  vile  office  of  a 
Jakes  or  sink  to  this  more  inward  chamber  of  the 
brain."  He  goes  on  to  say  that  it  is  nothing  but  a 
lymph  cavity,  and  in  this  he  is  unquestionably 
correct.  Thus  we  see  the  anatomical  research  of  the 
sixteenth  and  seventeenth  centuries  giving  the  coup 
de  grace  to  the  hypothetical  psychology  of  the 
classical  writers. 
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1  must  now  pass  on,  but  cannot  leave  Willis 
without  drawing-  attention  to  the  remarkable  pre- 
science and  the  logical  thread  of  argument  by 
which  he  comes  to  the  most  important  conclusion, 
partly  confirmed  by  modern  research,  that  the 
office  of  the  "  cerebel  " — i.e.,  the  small  brain — is  to 
be  the  source  of  involuntary  actions,  and,  he  adds, 
passions.  Finally,  he  undoubtedly  foresaw  and 
clearly  conceived  the  idea  of  what  was  regarded 
as  the  greatest  discovery  in  neurology  of  the  last 
hundred  years — viz.,  the  principle  and  theory  of 
reflex  action  as  established  by  Whytt  in  the 
eighteenth  century.  For  he  says,  in  speaking  of 
the  lower  animals,  which  are  destitute  of  de- 
veloped brains :  "So  long,  therefore,  they  being- 
destitute  of  the  internal  principle  of  motion,  move 
themselves  all  members  only  as  they  are  excited 
from  the  impulse  of  the  external  object,  and  so 
sensation  preceding  motion  is  in  some  manner  the 
cause  of  it."  Nothing  could  express  more  clearly 
the  whole  position  of  what  we  mean  by  a  simple 
reflex  act,  the  principles  of  which  underlie  the 
function  of  the  nervous  system  wherever  such  a 
system  exists. 

I  take  as  my  next  landmark  in  the  development 
of  neurology  the  commencement  of  that  feeling  after 
the  localisation  of  function,  which  is  so  well  known 
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to  you  as  the  world-wide  discovery  of  Sir  Charles 
BeU. 

Galen  had  akeady  shown  that  there  must  be 
nerves  of  sensation  and  nerves  of  movement,  but 
beyond  Willis  making  it  sure  that  the  nerves  did 
convey  sensation  and  "  instincts  to  movements,"  no 
further  determination  as  to  the  particular  part  of 
the  nervous  system  which  might  be  occupied  in 
providing  for  such  transmission  of  sensations  and 
movement  was  made  until  1 8 1 1 ,  when  Sir  Charles 
Bell  by  his  numerous  investigations  was  led  to 
believe  that  separate  parts  of  the  brain  and  spinal 
cord  subserved  these  two  functions.  To  put  this 
matter  on  an  accurate  footing,  he  says  himself  that 
nothing  but  experiment  coidd  decide  the  point.  He 
further  states  that,  in  his  opinion,  at  that  time  it 
was  too  difficult  to  try  experiments  on  the  brain. 
He  therefore  began  by  experimenting  upon  the 
spinal  cord,  and  he  satisfied  himself  that  there  was 
such  a  differentiation  of  function  in  the  spmal 
cord.  While  he  was  performing  these  experi- 
ments, he  remembered  that  the  spinal  nerves  had, 
as  he  says,  a  double  root.  He  therefore  laid 
bare  the  roots  of  the  spinal  nerves  and  irritated 
them,  discovering  thereby  that  it  was  the  anterior 
which  gave  rise  to  movements  m  the  muscles,  and 
not  the  posterior.     He  says  :  "  I  now  saw  the  mean- 
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inof  of  the  double  connection  of  the  nerves  with  the 
spinal  marrow."  And,  in  truth,  he  had  discovered 
the  first  exjDerimental  fact  which  established  irre- 
futably the  mimense  principle  of  localisation  of 
function.  For  having  thus  demonstrated  by  the 
only  method  of  proof  possible  that  the  conducting 
channels  in  the  nervous  system  possessed  differences 
of  function,  it  was  relatively  an  easy  step  for 
subsequent  investigators  to  show  that  the  nerve 
centres,  to  which  those  channels  led,  were  also 
similarly  gifted  with  the  differentiation  of  functional 
ability. 

Many  causes,  however,  tended  to  hinder  progress 
in  this  direction,  and  it  was  actually  not  till  1870 
that  the  next  absolute  proof  was  obtained  of  the 
localisation  of  function,  so  far  as  the  highest  centres 
of  the  nervous  system  were  concerned.  In  that 
year  Fritsch  and  Hitzig  discovered  that  electrical 
excitation,  with  minimal  stimuli,  of  various  points  of 
the  cortex,  caused  those  storehouses,  of  which  Willis 
spoke,  to  discharge,  and  to  reveal  their  function  by 
the  precise  limitation  of  the  groups  of  muscles  Avhich 
they  were  able  to  throw  into  action.  These  researches 
were  abundantly  confirmed  and  greatly  extended  in 
this  country  by  Professor  Ferrier,  and  thus  has  been 
constructed  in  the  history  of  this  subject  the  most 
recent  great  platform  or  stage  of  permanent  advance. 
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The  details  of  this  advance  I  shall  give  in  the 
second  coiu'se  of  these  lectures,  but  it  is  impossible 
for  us  to  follow  them  with  any  profit  unless  we  have 
clearly  established  in  our  minds  the  basis  of  all 
nerve  function — viz.,  reflex  action;  and  to  the 
consideration  of  that  basis,  with  its  beautiful  de- 
velopment in  the  spinal  cord,  will  be  devoted  the 
lectures  of  the  present  year. 
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LECTURE   II. 

We  have  seen  how  the  earUest  authors  gradually 
determined  that  there  were  two  gi-eat  principles 
underlying  the  function  of  the  central  nervous 
system.  The  first  of  these  was  what  we  now 
call  reflex  action :  the  second,  the  limitation  of 
the  localisation  of  definite  functions  to  special  parts 
of  the  structure  or  system.  Speaking  popularly,  by 
the  term  "  reflex  action "  is  to  be  understood 
simply  the  fact  that  the  nervous  system  provides 
the  necessary  apparatus  for  enabling  an  animal 
to  make  a  response  in  the  shape  of  movement 
when  it  receives  a  sensory  impression.  I  may 
remind  you  in  j)assing,  that  an  ejaculation,  cry, 
or  even  connected  phrases  when  made  by  the  higher 
animals  by  way  of  such  responses,  are  of  course 
only  movements,  highly  sj^ecialised  no  doubt  in  the 
last  case  I  have  imagined,  but  still  only  move- 
ments. To  impress  this  still  more  wpon  you,  I  may 
remind  you  that  what  we  call  directing  the  atten- 
tion   is   in   its   essential   particulars  a  combination 
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of  movements.  As  to  the  expression  "  localisation 
of  function "  it  needs  no  further  enlargement ;  the 
term  sufficiently  explains  itself.  These  two  great 
principles  being  clearly  before  us,  we  are  enabled  to 
proceed  at  once  to  the  study  of  the  nervous  system 
as  we  see  it  in  the  lowest  animals.  For  just  as  it 
was  necessary  for  us  to  review  the  work  of  previous 
investigators,  so  it  is  now  necessary  for  us  to 
examine  the  function  of  the  nervous  system  as  it 
is  exemplified  in  its  simplest  forms.  Before,  how- 
ever, I  actually  enter  upon  the  subject  in  detail,  I 
must  say  a  few  words  by  way  of  prefatory  caution. 
This  caution  refers  to  the  hesitation  which  we 
ought  to  feel  in  regarding  the  objective  phenomena 
presented  by  the  lower  animals,  as  resembling  in 
their  causation  the  similar  objective  phenomena 
which  are  evolved  by  our  complex  nerve  systems, 
which  we  are  able  at  the  same  time  to  analyse 
by  means  of  subjective  introspection.  To  make  my 
meaning  clearer,  let  me  refer  to  a  very  popular 
illustration  of  this  difficulty.  The  poet  has  spoken 
of  the  pang  which  a  beetle  endures,  when  suddenly 
exterminated,  and  has  compared  it  with  that 
suffered  by  a  giant.  Such  a  thought  as  this 
means  that  the  phenomena  of  the  nervous  system 
of  the  lower  animals  only  differ  from  those  of  the 
higher   in   quantity    rather    than    quality,    and   is 
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an  instance  of  the  want  of  appreciation  of  the 
difference  between  the  complexity  which  precedes 
the  evolution  of  even  elementary  movement  in  the 
higher  animal,  and  the  simplicity,  on  the  other 
hand,  which  underlies  very  similar  movements  when 
performed  by  a  lower  organisation.  This  want  of 
appreciation  has  led  to  the  employment  of  the  term 
psychic  or  psychical  activity  in  speaking  of  the 
deeds  (i.e.,  movements)  of  some  of  these  latter. 
Thus  the  writer  whom  I  have  quoted  obviously 
meant  that,  in  his  opinion,  the  causes  of  the  objective 
phenomena  observed  were  so  similar  in  the  two 
cases  that  we  were  to  regard  them  both  as  iden- 
tical. The  logical  fallacy,  however,  in  such  a  view 
is  obvious  when  we  extend  the  point  in  the  manner 
I  have  just  indicated.  But  it  is  moreover,  physio- 
logically speaking,  incorrect,  because  it  implies  that 
whatever  difference  there  may  be  in  the  structure, 
the  function  remains  the  same,  a  conclusion  which 
only  has  to  be  stated  for  its  absurdity  to  be  at 
once  appreciated.  When  we  therefore  approach 
the  study  of  the  nervous  system  in  the  lower 
creatures,  and  note,  while  we  observe  what  they  do, 
that  their  acts,  even  the  simplest,  are  very  like 
what  we  see  performed  by  the  higher  animal,  we 
must  never  allow  our  judgment  to  carry  us  away, 
but  we  must  always  say  at  once  to  ourselves  :  Wha"*" 
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are  the  events  which  have  preceded  the  performance 
of  that  act  ? 

This  prehminary  consideration  will,  I  believe, 
enable  us  to  avoid  the  danger  of  flying  to  the 
treacherous  expedient  of  what  is  called  a  simple  ex- 
planation, when  we  are  still  in  ignorance  as  to  some 
of  the  most  important  factors  of  the  actions  under 
consideration.  To  pursue  this  subject  yet  a  mo- 
ment more,  I  must  bring  to  your  notice  the  confusion 
of  thought  which  has  led  to  the  employment  of 
such  terms  as  consciousness,  volition,  and  purposive 
action,  when  sjDeaking  of  the  movements  of  even 
the  simplest  organisms.  A  vast  array  of  writers 
have  discussed  the  question  as  to  whether  we  are  to 
regard  the  lower  animals  as  possessing,  as  they  say, 
consciousness,  and  from  this  have  even  proceeded 
to  formulate  ideas  as  to  whether  they  have  a 
soul ;  while,  owing  to  the  remarkable  discoveries  of 
the  physiologists,  about  forty  years  ago,  as  to  the 
functional  activity  exhibited  by  the  spinal  cord  of 
the  frog  when  separated  enth-ely  J&'om  the  brain, 
an  animated  debate  was  actually  excited  as  to 
whether  the  spinal  cord  possessed  the  attributes 
of  the  mind.  Speculations  of  this  kind,  however, 
are  only  rendered  possible  by  the  unjustifiable 
application  of  a  metaphysical  terminology,  which 
was  originally    devised   for    the     analysis   of    the 
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mental  aspect  of  the  most  highly  complex  struc- 
ture— viz.,  the  brain  of  man,  to  the  consideration 
of  the  simjilest  reactions  of  protozoa,  small  masses 
of  protoplasm,  and  I  do  not  propose  therefore  to 
waste  time  upon  them  at  present,  although  at 
the  close  of  this  Session  I  shall  briefly  revert 
to  this  subject,  having  only  touched  upon  it  at 
some  length  now,  because  this  first  division  of  my 
lectures  treats  of  the  spinal  cord  and  ganglia, 
round  which  the  controversies  I  have  described 
have  so  long  raged.  I  would  therefore  ask  you 
at  once  to  dismiss  from  your  thoughts  any  pre- 
conceived ideas  on  the  point,  and  to  come  to 
the  study  of  the  facts  that  I  am  noAv  about  to 
describe  without  any  reference  to,  or  recollections 
of,  those  which  are  exhibited  by  ourselves  or  our 
manunalian  congeners. 

I  shall  begin  by  discussing  the  phenomena  which 
are  presented  by  the  lowest  masses  of  protoplasm 
that  zoologists  consider  to  be  entitled  to  rank  as 
animals — viz.,  the  protozoa.  These  protozoa  present 
sufiiciently  constant  appearances  to  enable  us  to 
recognise  them  wherever  met  with,  and  thev  conse- 
quently  are  very  properly  divided  into  species  ;  but 
when  we  come  to  look  at  them  from  the  point  of  view 
of  their  possibly  exhibiting  nerve  phenomena,  they 
are  so  obviously  elementary  that  we  are  not  justified 
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in  considering  their  behaviour  until  we  have  devoted 
at  least  some  little  time  to  seeing  what  simple 
protoplasmic  structures,  which  are  not  in  the  least 
suspected  of  having  anything  in  the  shape  of  a 
nervous  system,  will  do  under  similar  circumstances. 
The  mere  contraction  of  protoplasm  in  response  to 
an  external  stimulus,  whether  that  be  mechanical, 
electrical,  thermal,  or  optical,  is  exhibited  by  the 
protoplasm  of  botanical  as  well  as  animal  structures. 
Thus,  in  the  sensitive  plant  an  external  impression, 
such  as  a  touch,  is  sufficient  to  produce  movement 
of  a  most  strikingly  responsive  kind.  And  if  we 
examine  the  blood  of  the  higher  animals  we  find  that 
some  of  the  small  corpuscles  of  that  fluid  are  nothing 
but  little  masses  of  protoplasm  closely  resembling 
the  lowest  protozoa,  and  we  further  find  that  these 
little  white  corpuscles,  or  leucocytes  as  they  are 
called,  exhibit  movements  which  in  ordinary  speech 
would  be  said  to  be  purposive  ;  an  expression,  how- 
ever, which  would  to  my  mind  be  very  improperly 
applied.  I  have  just  given  you  an  example  of  Avhat 
plant  protoplasm  will  do  by  way  of  response  to  an 
external  stimulus,  but  the  little  leucocytes  or  white 
corpuscles  of  the  blood  apparently  behave  in  a  far 
more  remarkable  manner,  an  explanation  of  which, 
nevertheless,  seems  to  be  perfectly  possible  from 
purely  physical  considerations.     Accepting  the  view 
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that  all  protoplasm  is  irritable — i.e.,  capable  of  alter- 
ing- its  form  in  movement,  when  any  kind  of  physical 
or  chemical  change  is  wrought  in  it,  the  facts  which 
are  now  so  well  established — viz.,  that  if  some  injury 
or  other  sort  of  irritation  be  applied  to  the  tissues, 
the  leucocytes,  instead  of  circulating  freely  within 
the  blood-vessels,  proceed  to  get  out  of  them  and 
to  form,  by  their  aggregation  and  subsequent 
liquefaction  of  the  tissues,  what  we  call  matter 
or  pus — become  explicable  by  ordinary  physical 
means.  It  has  further  been  shown  quite  recently 
that  if  micro-organisms,  which  are  themselves  the 
sources  of  disease  to  the  animal  they  invade,  enter 
the  system,  the  leucocytes  go  towards  the  micro- 
organism and  apparently  seek  to  destroy  it.  This 
has  been  fancifully  regarded  as  a  distinctly  benevo- 
lent effort  on  the  part  of  the  leucocytes,  but  a  more 
scientific  investigation  has  shown,  more  especially 
by  Dr.  Massart,  that  the  movements — 2'.  e,, wanderings 
— of  the  leucocyte  are  determined  by  purely  physical 
and  chemical  stimuli  (chemotaxis),  which  I  have  not 
time  to  dwell  upon  now,  and  which  have  nothing 
in  them  of  a  purposive  nature. 

Turning  now  to  the  protozoa,  we  find  that  they 
consist,  too,  of  masses  of  protoplasm,  and  that  they 
are  capable  of  pushing  out  long,  limb-like  protrusions 
of  their  body  to  gain  food,  &c.     The  movements  of 
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these  creatures  for  this  purpose  of  feed- 
ing have  often  been  compared  to  the 
purposive  movements  of  the  higher 
animals ;  thus,  to  give  an  example, 
Cienkowski  has  shown  (see  Fig,  4) 
that  one  species,  VamjjyreUa  (v), 
when  wandering  about  algse  which 
are  composed  of  tubes  of  cellulose  (c) 
with  a  core  of  chlorophyll  and  other 
nutritious  substances  (h),  if  it  comes 
opposite  the  open  end  of  such  a  tube, 
down  which  its  food  may  be  lying  at 
a  considerable  distance,  it  will  never- 
theless send  down  the  tube  a  fila- 
ment ( 2^),  having  a  length  many  times 
greater  than  the  diameter  of  its  own 
body,  to  reach  the  object  of  its  search. 
This  reaching  out  on  the  part  of  the 
animal  to  obtain  that  which  it  cannot 
come  in  contact  with  is  looked  upon 
by  some  as  an  evidence  that  the  proto- 
plasm is  possessed  of  a  sense  percep- 
tion, for  the  performance  of  which, 
however,  no  nervous  system  can  be 
discovered  in  its  tissues  (Fig.  4). 
To  take  another  illustration  :  Engel- 
mann   has   shown  that    some  of  the 
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very  lowest  organisms,  bacteria  or  microbes,  are 
specially  affected  by  certain  ra3's  of  the  spectrum ; 
that  one  example,  for  instance,  the  Bacillus  photo- 
iiietHcus,  when  freely  moving  in  a  Huid  through 
which  the  rays  of  the  spectrum  are  sent,  will  collect 
itself  only  on  the  red  side  of  the  sodium  line,  and 
also  in  the  ultra-red  district.  Finally,  the  Plas- 
modium, or  protozoon-like  embryo  of  some  fungi, 
will  make  advances  clearly  in  the  direction  of 
nutritious  substances,  which  are  nevertheless  at  a 
considerable  distance  from  it.  All  these  phenomena, 
it  will  be  at  once  seen,  are  instances  of  so-called 
selective  action  ;  but  this  is  another  example  of  an 
abuse  of  metaphysical  terminology,  because  if  we 
analyse  them  even  to  a  slight  degree,  we  are 
obliged  to  admit  that  they  resolve  themselves  into 
those  rather  of  adaptation  and  advantage — i.e.. 
efficiency  of  the  life  processes,  chemical  and  physical, 
of  the  protoplasm  itself,  and  that  there  is  conse- 
quently no  reason  why  they  should  not  all  receive 
interpretation  in  the  direction  of  the  at  present 
ascertained  laws  of  chemical  affinity  and  physical 
influences,  rather  than  by  any  more  imaginative 
explanation. 

So  much  for  the  example  afforded  by  these  animals 
of  the  ffi'st  great  function  of  the  nervous  system — 
viz.,  response  to  external  stimulation  ;  or,  as  it  is 
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termed  in  the  higher  species  reflex  action.  In 
character,  the  actions  that  we  have  just  been 
considering,  and  which  are  evoked  in  response  to 
obviously  external  influences,  have  a  slow  and  a 
continuous  development ;  but  there  is  to  be  ob- 
served in  the  bodies  of  some  protozoa  a  movement 
which  is  of  a  totally  different  kind,  which  is  a  dis- 
tinct property  of  the  protoplasm  itself,  and  which, 
nevertheless,  is  regarded  as  being,  in  the  higher 
animals,  a  clear  evidence  of  the  presence  of  a 
nervous  system.  In  the  substance  of  the  protoplasm 
is  to  be  seen  a  little  space  or  vacuole.  If,  further, 
the  animal  be  watched,  it  is  seen  that  this  little  space 
quickly  disappears,  and  then  gradually  develops 
again,  to  again  disappear,  and  subsequently  re-form. 
This  alternation  of  appearing  and  disappearing  is 
an  example  of  rhythmical  contraction  of  protoplasm. 
Such  a  rhythm  must  have  a  special  causation,  and 
according  to  most  authorities  it  must  have  also  a 
special  apparatus  for  its  fulfilment ;  and  we  shall 
discover  directly,  when  we  come  to  the  higher  classes 
of  animals,  that  the  ganglia  are  the  instruments 
supposed  to  be  specially  arranged  for  this  very 
purpose.  In  the  body  of  a  protozoon,  however,  no 
nervous  system  has  ever  yet  been  detected  ;  but 
the  fact  that  our  present  microscopes  and  means  of 
research  generally  have  not  demonstrated  its  anato- 
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mical  existence,  is  but  negative  evidence,  and  as 
such,  most  dangerous  to  be  relied  upon.  As  regards 
the  causation  of  the  phenomenon,  it  is  true  that  in 
some  instances  foreign  bodies  have  been  seen  in  these 
contracting  vacuoles,  and  noticed  to  have  been  ex- 
pelled through  a  little  orifice  in  the  wall  of  the  animal, 
as  if  the  vacuole  exercised  a  distinct  function  of 
getting  rid  of  useless  particles.  If  this  be  so,  it  is 
obvious  that  such  particles  might  of  themselves  fur- 
nish the  necessary  irritation  for  the  production  of  a 
contraction  of  the  protoplasm,  and  hence  that 
this  would  merely  fall  into  line  with  ordinary 
response  to  external  stimulation.  But  this  explana- 
tion is  obviously  only  applicable  in  a  few  instances. 
Summarising,  therefore,  the  phenomena  which  are 
exhibited  by  these  animals,  and  commonly  regarded 
as  significant  of  nerve  action,  we  see  that  they  are 
divisible  under  the  two  heading's  of — 

1.  Response  to  external  stimulation. 

2.  The  existence  in  the  protoplasm  of "  sponta- 
neous "  rhythmical  contractions. 

We  now  pass  to  the  coelenterata,  which  are 
the  next  in  order  of  evolution  to  the  protozoa,  in 
which  we  shall  find  that  the  two  points  we 
have  just  mentioned  are  not  only  much  more 
highly  marked,  but  that  their  existence  is  accompa- 
nied by  the  anatomical  co-existence  of  a  nervous 
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system.  This  last  fact  obtains  double  interest  when 
we  know  that  less  than  twenty  years  ago  they 
were  not  supposed  to  possess  one  at  all.  This 
consideration,  therefore,  supported  as  it  is  by 
numerous  other  examples  in  the  history  of  the 
progress  of  science,  more  than  justifies  the  caution 
just  expressed  concerning  the  supposed  non-exist- 
ence of  the  nervous  system  in  the  protozoa. 

We  shall  now  spend  some  little  time  in  the 
examination  of  what  we  may  call  the  nervous 
phenomena  exhibited  by  these  coelenterates  or 
polyps,  since  we  are  fortunately  in  possession  of 
a  rich  harvest  of  facts,  obtained  during  the  last  fif- 
teen years,  most  especially  by  the  labours  of  my 
predecessor  in  this  chair,  namely,  Mr.  Romanes,  as 
also  by  Professor  Eimer,  from  the  physiological 
standpoint,  and  by  the  brothers  Hertwig  and  Pro- 
fessor Schafer  on  the  anatomical  side.  The  coelen- 
terates are  practically  all  tube-  or  bell- shaped 
animals,  the  cavity  of  the  tube  or  bell  serving  im- 
partially as  a  circulatory  and  digestive  system.  The 
tube  forms  are  commonly  spoken  of  as  hydrozoa,  and 
the  bell-shaped  forms  as  medusse.  Of  the  first  sort 
the  animal  which  has  been  most  investigated  is  the 
hydra,  which  grows  in  our  ponds  and  springs  ;  while 
of  course  the  medusse  or  jelly-fish  are  such  common 
objects  in  the  sea  as  to  be  familiar  to  all.     These 
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two  forms  of  polyps  happen  to  illustrate  two  dis- 
tinct aspects  of  an  elementary  nervous  system  so 
clearly,  that  I  shall  first  speak  of  the  hydra  to 
emphasise  my  next  point,  and  I  shall  then  go  on 
to  describe  the  medusse,  their  behaviour  and  their 
nervous  systems. 

The  hydra  simply  consists  of  a  tube,  around  the 
mouth  of  which  are  disposed  numerous  tentacles. 
When  the  body  of  the  animal  is  suitably  prepared 

Fig.  5.     (Kleinenherg.) 


for  the  microscope,  it  is  found  to  consist  of  three 
layers,  all  shown  very  beautifully  in  Fig.  5,  which 
is  a  copy  of  Kleinenberg's  plate  illustrating  his  great 
work  on  the  subject.  The  three  layers,  counting 
them  from  the  exterior  internally,  are,  first  the 
ectoderm  or  outer  layer  (ect),  which  corresponds  to 
our  skin  ;  next,  the  muscular  layer  (mu),  which 
truly  corresponds  to  our  muscles  ;  and,  lastly,  the 
entoderm  (ent),  which  corresponds  to  our  mucous 
membrane  lining  the  alimentary  canal.  Now  this 
animal,  when  the  exterior  of  the  body  is  touched, 
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Fig.  6.     {Kleinenherg.) 


reacts  at  once  by  moving.  That  is  the  first  great 
principle  that  we  have  already  seen  illustrated  in 
the  protozoa.  But  Kleinenherg,  by  his  anatomical 
investigations,  found  a  most  interesting  arrange- 
ment of  the  simple  cells  (see  Fig.  6)  which  build  up 
the  body  of  the  animal, 
and  which  seem  to  pro- 
vide us  at  once  with  the 


most  diagrammatic  sub- 
structure of  the  nervous 
system  that  could  well 
be  imagined ;  for  he 
found,   as    is  shown   in 

the  figure,  that  certain  of  the  cells  of  the  ecto- 
derm (c)  had  processes  (m)  which  ran  into  the 
muscular  layer,  while  their  outer  portions — ^.e., 
those  exposed  on  the  surface — had  distinctly  a 
fibrillar  appearance.  He  therefore  spoke  of  these 
cells  as  neuro-muscular  elements,  and  believed  that 
here  we  had  the  same  piece  of  protoplasm  so  modi- 
fied that  whilst  its  external  part  was  calculated 
to  receive  and  appreciate  stimuli,  these  latter  could 
pass  down  through  its  substance  and  gain  the 
deeper  processes,  which  upon  the  arrival  of  the 
stimuli  would  forthwith  contract.  So  that,  arguing 
by  analogy  from  the  anatomy  and  physiology  of  the 
higher  animals,  it  was  clear  that,  if  this  actually 
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was  the  function  of  these  cells,  we  should  have  a 
truly  fundamental  representation  of  the  nervous 
system  for  the  provision  of  a  muscular  response  to 
an  external  stimulus.  Unfortunately,  although 
this  extremely  simple  view  of  Kleinenberg's*  must 
be  regarded  as  essentially  correct  in  principle,  as  a 
matter  of  fact  there  is  reason  to  believe  that  in 
the  hydra  there  is  not  only  distinct  muscular 
tissue,  but  that  there  are  also  cells  of  the  ectoderm 
which  have  more  especially  to  do  with  the  reception 
of  impressions,  and  other  cells  which  mechanically 
support  the  former. 

In  hydra,  therefore,  the  matter  is  a  little  more 
complicated  than  was  at  first  imagined,  and  we 
have  special  cells  in  the  ectoderm  which  can  be 
called  nerve  cells,  and  undoubtedly  special  cells  in 
the  muscular  layer  for  the  desired  contraction  of  the 
body.  In  any  case,  however,  as  far  as  the  physiolo- 
gical standpoint  is  concerned,  we  see  here  the  begin- 
ning of  a  system  which  runs  right  up  through  the 
animal  scale  to  man — viz.,  the  provision  of  a  sense 
organ,  i.e.,  nerve  cell,  in  its  elementary  state  in  the 
periphery  or  external  part  of  the  body,  which  re- 
ceives external  impressions  and  communicates  them 

*  Consult  on  this  point  Kleineuberg's  paper,  "  Die  Enstehung  des  Anne- 
lids, &c,"  in  the  Zeitschrift  fiir  Wissenschaftliche  Zoologie,  Band  44,  1886. 
Especially  chap.  v.  p.  173. 
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to  the  interior,  with  the  result  that  a  movement 
follows.  We  shall  subsequently  learn  that  in  man 
the  message  is  conveyed  to  the  spinal  cord,  to  the 
nerve  cells  there,  from  which  it  goes  to  the  muscles. 
In  hydra  there  is  very  little  evidence  that  a  nerve 
cell  is  centrally  placed  between  the  sensory  cell  in 
the  skin  and  the  muscle  in  the  interior,  though 
even  in  them  this  relation  and  interpolation  of  a 
cell  is  believed  by  some  to  exist. 

We  may  now  with  advantage  proceed  to  the 
medusae,  which  must  be  regarded  as  higher  in  the 
scale  than  the  hydra  we  have  just  been  considering, 
and  in  which  the  interpolation  of  nerve  cells  indu- 
bitably occurs,  thus  introducing  us  for  the  first 
time  to  the  structure  and  functions  of  ganglia. 

A  medusa  consists  of  a  bell  of  protoplasm  (6,  Fig.  7), 
which  is  beautifully  shaped  and  divided  into  lobes  (l), 
the  margins  of  which  form  a  continuous  line  round 
the  lower  border  of  the  bell,  and  in  the  clefts  between 
which  are  to  be  found  certain  little  highly  specialised 
portions  of  the  ectoderm,  which  are  undoubtedly 
sense  organs  (e).  Between  these,  numerous  tenta- 
cles (t)  usually  fringe  the  border,  or  there  may  be 
only  a  few,  as  we  see  in  the  following  drawing 
taken  from  Haeckel's  great  work  on  these  animals. 
Hanging  from  the  centre  of  the  concave  or  under  side 
of  the  bell  you  see  a  tube-like  process  (m),  which  has 
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been  variously  termed  the  manubrium  or  polypite, 
and  the  interior  of  this  terminates,  below  the  summit 
of  the  bell,  in  a  cavity  from  which  canals  radiate 
down  the  intervals  between  the  lobes,  and  end 
at  the  maro-in  of  the  bell  in  a  circular  canal 
which  unites  all  the  radiating  branches  together. 

Fig.  7.    {Haechel.) 


The  tentacles  and  portions  of  the  body  generally 
are  supplied  with  numerous  little  modifications  of  the 
ectoderm,  which  consist  of  sharp,  long  filaments, 
capable  of  being  ejected  from  special  little  sacs, 
and  used  as  weapons  of  offence  and  defence.  It  will 
be  noticed  that  in  this  hasty  sketch  of  the  structure 
of  a  medusa  we  have  for  the  first  time  had  occasion 
to  mention  the  existence  of  special  sense  organs.     I 
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shall  allude  to  the  anatomy  of  these  directly  in 
further  detail,  when  I  come  to  point  out  the 
remarkable  influence  which  they  exert  upon  the 
nervous  phenomena  of  these  creatures.  But  I 
must  also  reserve  that  description  until  I  give 
in  detail  the  discovery  of  their  nervous  system 
as  a  whole.  Meanwhile,  I  wish  to  lay  before 
you,  in  exactly  the  same  way  as  I  have  done 
with  the  protozoa,  the  physiological  functions  the 
medusse  possess,  and  we  will  later  bring  those  facts 
into  correlation  with  the  structure  that  seems  truly 
to  be  their  source. 

If  a  medusa  is  swimming  freely  in  the  sea,  it  is 
noticed  that  it  moves  along  through  the  water  by 
virtue  of  rhythmical  contractions  of  its  protoplasm — 
a  property  which  we  already  observed  to  be  present 
in  the  protozoa.  By  reason  of  the  bell  contracting 
and  driving  out  the  water  contained  in  its  interior 
the  whole  animal  is  impelled  forwards,  and  the  con- 
traction being  over,  the  bell  intermittently  expands 
again,  water  rushes  in,  and  is  again  expelled.  If 
the  animal  is  irritated  it  discharofes  its  little  stino-- 
ing  filaments,  the  powers  of  which  are  of  course 
familiar  to  every  one  who  has  provoked  them. 
Looking  at  the  animal  therefore  as  a  whole,  it  is 
evident  that  the  predominant  feature  of  the  pheno- 
mena   we    have    already    considered    is     that     of 
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rhythmical  or  intermittent  movement.  It  also 
moves  in  response  to  an  external  stimulus,  and  this 
reaction  and  the  discharge  of  its  stinging  threads 
are  of  exactly  the  same  nature.  But  we  must  go 
further  than  this,  because  the  distinctly  radial 
arrangement  of  the  animal,  its  division  into 
lobes,  &c.,  introduces  us,  as  you  may  perhaps  have 
already  guessed,  to  the  great  principle  of  localisa- 
tion of  function.  The  simple  proof  of  this  is 
afforded  by  the  following  observation  which 
Mr.  Romanes,  I  believe,  was  the  first  to  make — 
namely,  that,  if  any  given  point  of  a  medusa  be 
touched,  the  lobes  of  the  polypite  which  are  nearest 
to  the  place  irritated  bend  up  towards  it,  and 
attempt  to  touch  the  selected  spot.  This  experi- 
ment indicates  that  definite  channels  are  arranged 
in  the  medusa  for  the  conduction  of  impressions  to 
and  from  certain  points  in  its  body,  but  this  is  of 
course  nothingf  more  nor  less  than  the  localisation 
of  nerve  function. 

We  will  now  examine  the  other  predominant 
feature — viz.,  the  Rhythm — because  it  was  this 
striking  phenomenon  which  led  Mr.  Romanes  to 
the  study  of  these  interesting  creatures,  and  enabled 
him  to  formulate  several  weighty  conclusions  on 
what  are  really  the  fundamental  principles  which 
underlie   the   action   of    all    nerve    systems.      We 
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cannot  therefore  but  profit  very  greatly  by  an 
attentive  examination  of  his  results,  since  if  we 
thoroughly  understand  the  modus  operandi  of  the 
nervous  system  in  the  medusa,  we  shall  only  require 
a  multiplication  of  similar  units  of  knowledge  to 
teach  us  the  more  complex  details  of  rhythmical 
function  in  the  higher  animal.  The  rhythm  of  the 
contraction  of  the  bell  may  be  analysed,  from  several 
points  of  view,  as  follows  : 

1.  Its  source  or  initiation. 

2.  Its  artificial  production. 

3.  Its  maintenance. 

I.  Source  or  Initiation. — The  earliest  experiments, 
both  of  Mr.  Romanes  and  those  made  independently 
by  Dr.  Eimer,  showed  that  the  most  excitable  region 
of  the  bell  was  its  margin,  and  that  the  natural 
wave  of  contraction  appeared  to  pass  up  it  from 
thence.  But  the  actual  proof  of  this  region  being 
the  prime  source  of  the  rhythm  was  not  forth- 
coming until  the  experiment  of  removing  the 
margin  was  performed.  This  operation  produces  a 
cessation  of  the  rhythm,  and  the  motionless  bell 
may  be  then  said  to  be  paralysed.  The  removal  of 
the  marginal  bodies,  customarily  referred  to  as 
sense  organs  (see  Fig.  8)  produces  a  similar  effect, 
and  the  inference  that  the  region  of  these  bodies 
is   the   important   centre   of  origin    of  impulses,  is 
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rendered  still  more  obvious  by  the  observation  of 
Einier.  that  if  a  maroinal  bodv  and  surroundinof 
part  of  the  umljrella  or  bell  be  excised  and  placed 
in  suitable  innocuous  fluid,  the  part  will  rh^-thmically 
contract  f  jr  ten  days  or  more. 

2.  Artificial Procluction. — The  further  analysis  of 
the  rh}-thm  was  wanting,  until  Mr.  Romanes  pro- 
ceeded to  investigate  the  possibilitv  of  reproducing 
it  m  the  paralysed  bell  of  the  medusa.  This  he 
found  to  be  actually  possible  by  exciting  the  motion- 
less tissue  with  either  a  faradaic  electric  current  or 
a  chemical  irritant  Hke  o-lvcerme.  The  result  was 
to  evoke  a  remarkably  regular  rli^thmical  contraction 
and  relaxation  of  the  tissue.  Such  a  re-awakening 
of  the  lost  rhythm  is  a  very  remarkable  fact, 
but  its  full  discussion  we  must  postpone  for  the 
moment.  However,  there  is  an  all-important  corol- 
larv  to  this  experiment — namely,  the  question  of 
fatigue.  How  far  this  element  is  present  in  relation 
to  such  a  condition,  and,  if  present,  how  far  it  goes 
to  reveal  the  origin  and  natui'e  of  the  (artificial) 
rhythm,  must  now  be  considered.  ]\Ii\  Romanes 
found  that  if  he  caused  the  rhvthmical  movements 
to  inscribe  themselves  bv  then-  raisincr  a  licrht  lever 
which  could  write  on  a  blackened  moving  surface,  the 
result  was  a  wavy  line,  as  shown  in  Fig.  8  ;  if  then 
the   piece    of  tissue    were    electricallv  excited    for 
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an  hour,  the  trace  became  altered,  and  there  ensued 
not  only  a  change  in  the  rhythm — i.e.,  period  of  inter- 
mission— but  also  a  change  in  the  duration  of  each 
of  the  contractions  (see  Fig.  9).  In  five  hours  the 
tissue  was  quite  exhausted. 

Fig.  8.     {Eomanes.) 


The  lower  line  in  this  and  the  next  figure  indicates  seconds  of  time. 
Fig.  9. 


This  remarkable  alteration  of  the  normal  move- 
ment is  characteristic,  we  shall  subsequently  see, 
of  the  failure  by  fatigue  of  nerve  centres,  but  we 
must  not  anticipate  the  general  conclusions  we  are 
able  to  draw  from  these  interesting  results. 

Mr.  Romanes  further  found  that  warmth  improved 
the  rate  at  which  the  tissue  reacted,  but  that  heat 
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did  not  operate  as  a  stimulus  for  origination  of  the 
rhythm. 

This  brings  us  now  to  the  most  important  con- 
sideration as  to  how  the  rhythm  is  maintained, 
and  whether  that  maintenance  is  co-indicated  by 
any  other  phenomena. 
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LECTURE  III. 

It  is  impossible  for  us,  with  our  present  means  of 
research,  to  determine  exactly  what  maintains  a 
rhythmical  movement  such  as  that  exhibited  by  the 
medusae,  and  we  are  consequently  obliged  to  attempt 
the  solution  of  the  difficulty  by  indirect  observation 
and  reasoning.  I  have  already  mentioned  one  fact — 
namely,  the  influence  of  fatigue — and  must  now  point 
out  to  you  that  contractile  substance  or  muscle  is 
far  less  easily  exhausted  than  nerve  centres.  But  we 
have  a  much  more  ready  way  of  observing  whether 
it  is  likely  that  the  little  marginal  bodies  which  are 
undoubtedly  the  origin  of  the  rhythm  are  also  the 
source  of  its  maintenance.  This  fresh  method  was 
also  discovered  by  Mr.  Homanes,  and  consists  in 
an  experiment  of  the  following  kind.  The  kind  of 
medusa  which  is  called  Sarsia  is  a  small  bell  from  the 
centre  of  which  normally  hangs  a  short  polypite. 
If  now  the  marginal  bodies  and  margin  of  the  bell  be 
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removed,  it  is  then  found  that  the  polypite  gradually 
relaxes  and  elongates  itself  to  many  times  its 
previous  extent.  Using  physiological  language,  the 
polypite  was,  before  the  operation,  in  the  state  called 
tonus — that  is,  moderate  contraction,  a  character 
which  it  loses  after  the  marginal  bodies  have  been  re- 
moved. The  assumption  is  inevitable  and  correct 
that  the  maroinal  bodies  are  in  the  habit  of  main- 
taining  this  state  of  tonus.  I  thmk,  therefore, 
we  are  perfectly  justified  in  beheving  that  they 
are  similarly  responsible  for  the  maintenance  of 
the  rhythm.  You  will  perhaps  allow  me  to  an- 
ticipate what  follows  in  succeeding  lectures  by 
mentioning  that  the  maintenance  of  this  state  of 
tonus  in  muscles  is  a  characteristic  property  of 
the  spinal  cord  nerve  cells  in  the  highest  animals. 
To  sum  up,  therefore,  it  is  established  that  the 
duty  of  starting  and  maintaining  the  contractions 
of  the  bell  in  medusae  is  relegated  to  the  marginal 
bodies  and  tissue  in  their  immediate  neighbour- 
hood. 

The  last  property  or  function  that  I  Avish  to  refer  to, 
or  indeed  w^hich  we  know  to  exist  in  these  animals, 
is  that  of  locahsation.  They,  as  I  have  already 
stated,  exhibit  localisation  of  function  in  its  simplest 
development.  If  a  point  on  the  bell  be  touched,  the 
nearest  lobes  in  the    polypite    bend  up  and  fairly 
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accurately  come  into  contact  with  the  spot  stimu- 
lated. This  correct  indication  of  the  seat  of 
irritation  is  of  course  a  most  fundamental  factor 
in  localisation. 

To  summarise,  finally,  the  physiological  properties 
of  the  medusae  which  are  referable  to  a  nervous 
system,  I  would  enumerate  them  as  follows  : 

1 .  Response,  by  movement  and  discharge  of  sting- 
ing cells,  to  external  stimulation. 

2.  Rhythmical  movements  of  bell. 

3.  Maintenance  of  rhythm  and  of  tonus. 

4.  Localisation  of  points  stimulated,  and  co- 
ordinated movement  adapted  to  the  same. 

Now  having  seen  what  these  animals  are  capable 
of  performing  by  way  of  (presumably)  nerve  function, 
let  us  proceed  to  examine  the  anatomical  arrangement 
of  their  elementary  nervous  system.  As  an  example 
I  shall  take  an  instance  of  one  of  the  medusae  in  which 
the  small  sensory  marginal  bodies  are  exposed,  that 
is,  not  covered  by  the  edge  of  the  bell.  In  the  first 
place,  there  is,  running  round  the  whole  margin  of 
the  bell,  a  ring  of  nerve  fibres  mingled  with  cells. 
I  have  not  yet  described  to  you  the  structure  of 
nerve  fibres  or  of  nerve  cells,  that  I  shall  do 
directly  ;  but  you  will  understand  that  the  fibres  are 
exceedingly  fine  protoplasmic  threads  and  the  cells 
small  nucleated  protoplasmic  masses.     This  is  shown 
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in  Fig.  lo,  representing  part  of  the  bell  of  a  medusa 
flattened  out,  in  which  the  general  arrangement 
of  this  ring  of  fibres  (?i)  and  its  relations  are  well 
marked  (see   also  Fig.  iia).     In  the  first  place,  it 


Fig.  io.     \^Eiinei\) 


receives  and  gives  fibres  to  each  marginal  body ; 
furthermore,  it  gives  also  numerous  branches  which 
radiate  upwards  along  the  water  canals  that  divide 
the  animal  into  lobes.  We  will  now  turn  to  these 
.structures  more  in  detail.  If  we  examine  the 
fibres  to  begin  with   (see  Fig,  loa, /'),  we  see  that 
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they  are  well-defined  threads  of  fig.  loa,  {Eimer.) 
protoplasm  which  present  here  rl^-~/^^T^~-^^-t. 
and  there  little  varicosities  or 
swellino-s,  and  which  nowhere 
possess  any  insulating-  covering 
of  the  kind  such  as  one  finds 
in  the  hio-her  animals.  They 
obviously  start  from  and  go  to- 
wards the  ganglion  cells  {c  in 
Fig.  loa,  g  in  Figs.  11  and  11  a), 
and  connect  these  latter  with 
delicate  cells  in  the  ectoderm 
(c  in  Fig.  11),  just  in  the  same 
way  as  we  have  seen  similar 
ectodermic  cells  of  presumably 
nerve  character  to  exist  in  the 
hydra.  Now  the  ganglion  cells, 
which  are  of  the  greatest  interest 
because  it  is  their  function  to 
store  up  and  to  give    out  nerve 


Fig.  II.      {Eimer.) 
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energy,  are  similarly  rounded  masses  of  protoplasm 
(see  Fios.  loa  and  i  la),  each  with  a  large  nucleus, 
and  from  their  body  run  branches- — usually  t^^■o, 
rarelv  more — which   continue  into  the  surroundincr 

Fig.  1 1  a.      {Elmer. ^ 


parts  as  nerve  fibres. (rt)  These  nerve  fibres,  that 
issue  from  the  ganglion  or  nerve  cells  and  pass 
to  the  muscle  fibres,  terminate  in  these  latter  in  a 
peculiar  manner,  which  we  shall  subsequently  find 
to  be  repeated  throughout  the  animal  kingdom, 
and  which  simply  consists  in  an  enlargement  of  the 
protoplasmic  thread  into  a  little  swelling,  which  may 


LEcx.  III.  OF   THE   NERVOUS   SYSTEM.  53 

also  possess  two  or  three  small  nuclei,  and  which  is 
directly  applied  to  the  muscle  fibre.  I  would  ask 
your  particular  attention  to  this  mode  of  nerve- 
ending  of  a  fibre,  inasmuch  as  it  is  believed  by  some 
to  be  just  as  capable  of  providing  for  rhythmical 
contraction  in  a  muscle,  as  a  ganglion  or  nerve  cell, 
which  is  usually  credited  with  that  function.  Now 
we  come  to  the  sense  organs,  which  I  have  so  often 
referred  to  as  the  marginal  bodies  (Fig.  7,  e). 
These  sense  organs  are  remarkably  simple  in  struc- 
ture, and  are  adapted  for  the  perception  of  light,  of 
touch,  and  although  Ave  cannot  in  perfect  truth  add 
of  .^oimd,  yet  nevertheless  they  are  capable  of  appre- 
ciating delicate  vibrations.  They  consist  of  little 
finger-like  processes  of  the  umbrella  tissue,  into  the 
centre  of  which  is  protruded  a  branch  of  the  water 
canal  or  tube  system.  They  are  covered  with  ecto- 
dermic  epithelium,  which  at  the  uppermost  surface  of 
the  little  protrusion  is  modified — i.e.,  thickened  and 
often  pigmented.  At  the  end  of  the  organ  the 
ectodermic  cells  are  still  more  modified  so  as  to  form 
a  little  sac,  as  you  see  in  this  diagram  (Fig.  1 2,  A,  ep), 
the  cells  of  which  are  for  the  most  part  provided 
with  cilia,  and  in  the  internal  cavity  of  which  are 
crystals  (Fig.  12,  A,  0),  w^hich,  by  their  movement 
against  the  delicate  hair-like  processes  of  the  epi- 
thelial cells,  evoke  the  perception  of  vibrations  such 
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as   the  animal  may  experience  when    swimming  in 
the  water.     The  water-canal  tube  is  of  course  lined 

Fk;.  12.     (Elmer.) 


by  the  entoderm,  and  between  the  entoderm  and  the 
ectoderm  Ave  have  numerous  nerve  fibres  {n)  running 
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down  from  the  nerve  ring  I  have  just  spoken  of 
above,  to  terminate  in  the  ectodermic  cells  (ep). 
The  rest  of  the  general  surface  of  the  animal  is 
sensitive  to  tactile  impressions,  and  as  the  ectoderm 
contains  numerous  cells  (see  Fig.  11),  from  which  fine 
processes  can  be  traced  into  the  nerve  ring  {n,  Fig.  1 1 ) 
and  plexuses  {vide  infra),  these  specialised  ectodermic 
cells  have  been  justly  called  nerve  epithelium  and  re- 
garded as  sensory  nerve-endings.  Finally,  the  whole 
of  the  muscular  tissue  in  the  under  part  of  the  bell 
is  overlaid  by  a  very  delicate  and  richly  interlacing 
supply  of  nerve  fibres,  among  which  may  be  found 
also  ganglion  or  nerve  cells.  Knowing  now  all 
these  elements  to  exist,  we  mav  reasonably  sup- 
pose that  the  schema  of  the  nervous  system  in  the 
medusae  is  that  of  elements  arranged  in  the  folio w- 
ino-  line : 


o 


Ectodermal    ]  (  Nerve  gan-    ]  |    Nerve-       )      j,^^^,^ 

sen,orv  nerve  ,    ^„„        ghoo.c  cor-       ,,„,^         endrng^  ,.;,,,. 


All  that  remains  now  is  to  connect  the  facts,  so 
far  as  we  know  them,  of  function  with  the  observa- 
tions we  have  just  detailed  of  structure.  That  the 
medusa  in  the  first  place  reacts  to  an  external 
stimulus  by  movement,  and  that  nerve  excitation 
underlies  that  reaction  is  obvious  enough,  as 
follows.     An   excitatorv    state    is    induced    in   the 
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ectodermal  or  sensory  nerve  cell.  That  excitatory 
state  is  conveyed  along  a  nerve  fibre  to  a  ganglion  cell, 
the  ganglion  cell  is  similarly  thrown  into  a  state  of 
excitation  and  communicates  its  condition,  or,  to  use 
other  language,  discharges  its  energy  down  a  nerve 
fibre  to  the  nerve-ending  of  a  fibre,  and  that  nerve- 
ending  causes  the  muscle  fibre  to  contract.  Thus 
far  all  is  easy,  but  now  we  come  to  the  question  of 
rhythm — viz.,  the  intermittent  expansion  and  con- 
traction of  the  bell.  The  question  before  us  to 
decide  is  whether  the  ganglion  cells  perform  the 
necessary  alternate  storing  up  and  liberation  of 
energy,  or  whether  it  is  not  the  ganglion  cell  that 
does  this,  but  possibly  rather  the  nerve-ending,  or 
even  the  muscular  contractile  tissue  itself  A  former 
lecturer  at  this  institution.  Sir  James  Paget,  formu- 
lated forty-four  years  ago  his  belief  that  rhythmic 
motion  is  "  an  issue  of  rhythmic  nutrition,  that  is  to 
say,  in  which  the  acting  parts  are  at  certain  periods 
raised  with  time-regulated  progress  to  a  state  of  in- 
stability of  composition  from  which  they  then  decline, 
and  in  their  decline  may  change  their  shape — ^.e.,move 
— or  as  nerve  centres  may  discharge  nerve  force." 
There  is  no  question  but  that  this  view  is  correct  as 
far  as  the  necessity  of  the  state  of  nutrition  of  the 
apparatus  alternating  with  the  exercise  of  function 
goes,  but  there  is  great  question  as  to  which  of  the 
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elements  it  is  in  the  whole  apparatus  that  is  the  seat 
of  this  instability.  This  problem,  as  I  said  just  now, 
has  always  excited  the  attention  of  physiologists, 
and  numberless  attempts  have  been  made  to  arrive 
at  a  correct  answer  ;  but  you  will  understand  im- 
mediately how  it  is  that  I  am  unable  to  tell  you 
what  that  answer  should  be,  when  you  remember 
that  science  has  not  yet  discovered  any  means 
whatever  of  measuring  the  amount  of  nerve  force 
produced  in  a  nerve  fibre  at  any  given  time  ;  we  can 
measure  its  rate ;  of  course  we  know,  for  example, 
that  excitatory  processes  in  nerves  flash  along  them 
at  about  thirty-three  metres  a  second  ;  but  we  do  not 
know  at  all  how  to  reveal  by  physical  methods  the 
nerve  discharge  itself.  Moreover,  it  is  only  within 
the  last  forty  years  that  we  have  had  any  indication 
as  to  the  frequency  with  which  nerve  impulses  pass 
along  nerve  fibres — I  mean  by  direct  examination  of 
those  fibres  themselves.  It  will  be  obvious  to  you 
that  if  what  we  want  to  know  is  how  many  times  a 
ganglion  cell  of  simjDle  nerve  centres,  like  those  of 
the  medusse,  discharges  energy  down  nerve  fibres  to 
cause  muscles  to  contract,  it  is  no  good  our  simply 
trusting,  as  has  been  done  for  many  years,  to  watch- 
ing and  counting  the  duration  and  number  of  con- 
tractions or  movements  which  a  muscle  makes,  but 
we  must  rather  find  out  some  means  of  examining 
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tlie  nerve  fibre  itself,  as  only  in  that  way  shall  we 
discover  whether  the  rhythmical  contractions  of  the 
muscle  are  due  to  the  ur-aiiglion  cell  or  to  tlie  nerve- 
endino',  or  to  the  muscle  fibre.  Now  the  Avav  in 
which  the  existence  of  the  nerve  impulse  in  a  nerve 
fibre  can  be  exhibited  is  that  discovered  Iw  du  Bois 
Revmond^ — namely,  the  detection  of  a  chanoe  in  the 
electrical  state  of  the  nerve  fibre.  This  chano-e  always 
occurs  when  a  nerve  fibre  is  excited  ;  if  therefore 
we  could  (ret  at  the  nerve  fibres  comino-  from  the 
marginal  bodies  of  the  medusa,  and  if  we  could 
without  error  connect  those  fibres  to  a  sensitive 
galvanometer  capable  of  revealing  such  slight 
electrical  chang-es  as  those  mentioned,  we  should  at 
least  discover  whether  the  marginal  bodies  o-ave  out 
nerve  discharo-es  at  reo'ular  intervals  to  cause  the 
muscles  to  contract  in  the  rhythmical  manner 
already  described.  Unfortunately,  at  the  present 
moment  this  cannot  be  done  without  considerable 
chance  of  erroi',  but  it  is  a  subject  well  woi'thy  of 
further  investio'ation .  In  the  absence  of  such  direct 
evidence  we  must  content  ourselves  with  reviewing 
allied  facts  which  can  be  obtained  from  the  physio- 
loofical  researches  which  have  been  directed  towards 
the  elucidation  of  this  question.  I  have  already 
mentioned  one  most  important  circumstance — namely, 
that  the  artificial  rhythm  is  soon  exhausted,  relatively 
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speaking',  and  will  therefore  only  repeat  that  this 
points  stronglv  to  the  assumption  that  the  nerve 
cells,  which  are  the  more  delicate  and  more  easily 
tired  elements  of  the  apparatus  under  consideration, 
are  the  special  instruments  necessary  for  the  produc- 
tion of  a  rhvthm.  But  there  are  (jther  facts  to 
which  I  sliall  have  occasion  to  refer  in  greater  detail 
l^efore  the  present  series  of  lectures  is  terminated.  I 
allude  to  the  well-known  observations  of  Stirling  and 
others,  which  go  to  show  that  the  nerve  or  ganghonic 
cells  in  the  spinal  cord  of  a  frog  (and  the  same  may 
be  added  for  manunals)  are  capable  of  storing  up  and 
accumulatino-  excitatorv  chancres  which  mav  not  be 
enough  to  cause  a  discharge  of  the  whole  a})])aratus. 
l)ut  which  neveilheless.  bv  summing  themseh^es  up 
too-ether  in  the  nerve  cell,  ultimatelv  o-et  headwav 
enouo-h  to  lead  the  nerA'e  centre  to  liberate  its  enero'v. 
and  if  (as  was  the  case  in  Mr.  Tvomanes"  experi- 
ments) the  stunuli  employed  are  sui^maximal  and 
constantly  applied,  it  is  clear  that  we  may  have 
been  dealing  Avith  a  provision  of  the  same  nature,  and 
consequently  have  recorded  a  similar  result. 

Quite  recently,  however,  it  has  been  suggested, 
on  the  strength  of  carefully  performed  experiments. 
that  the  rhythmical  variations  which  can  be  de- 
tected in  the  contractions  of  the  muscles  in  the 
hio-her  animals,  when   thrown  into   action   bv  their 
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nerve  centres,  are  due  to  a  storing  up  by  the  nerve- 
ending.  These  experiments,  which  have  been  per- 
formed by  Professor  Wedenski,  of  St.  Petersburg, 
need  a  most  careful  revision  and  repetition  ;  but  the 
fact  of  their  having  been  made  must  cause  us  to 
hesitate  in  our  interpretation  of  the  phenomena  seen 
in  the  medusa,  especially  since  this  animal  possesses 
nerve  fibres  and  endings  just  like  the  higher  kinds. 
Xumerous  observations  have  been  made  on  contrac- 
tile tissues  in  parts  of  other  animals,  wliich  are 
regarded  as  being  without  nerves  :  Init  all  evidence 
of  this  kind  rests  on  the  fact  that  no  nerves  have 
as  vet  l^een  discovered — in  other  words,  negative 
evidence.  I  do  not  think,  therefore,  it  is  of  any  use 
to  discuss  them  further  in  this  relation.  That 
nerve  centres — i.e.,  collections  of  nerve  cells — do 
rhythmically  discharge,  has  recently  been  proved  by 
Professor  Gotch  and  myself,  by  examining  the  condi- 
tion of  the  spinal  cord  A^-hen  the  centres  of  the 
cortex  of  the  bram  were  excited,  and  observing 
the  electrical  chaiio-es  that  occurred  in  the  fibres 
leadino-  from  these  centres.  Lastlv,  the  main- 
tenance  of  tonus — i.e.,  moderate  continued  contrac- 
tion of  the  muscles  to  preserve  the  shape  and  pro- 
portions of  a  body — is  known  in  the  higher  annuals 
to  be  unquestionably  due  to  the  action  of  nerve 
cells  in  the  spinal  centres  ;    for    if  in    one    of  the 
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higher  animals  the  nerve  fibres,  running  from  the 
centres  in  the  spinal  cord  to  the  muscle,  be  divided, 
we  find  that  the  muscle,  instead  of  presenting 
a  firm  contour  due  to  moderate  tonic  contraction, 
is  relaxed  and  soft  in  the  paralytic  state  thus 
evoked.  In  conclusion,  therefore,  it  seems  to  me 
that  while  for  the  present  we  must  keep  our  minds 
open  on  this  very  interesting  and  important  subject, 
the  weight  of  evidence  does  seem  to  show  that  the 
rhythmical  movements  of  these  relatively  lowlv 
organised  animals  are  due  to  their  possessing  a 
nervous  system.  I  wish  very  much  that  it  were  in 
mv  power  to  have  spoken  more  positively  on  this 
point,  inasmuch  as  we  are  now,  on  the  threshold  of 
our  subject,  provided  with  simple  and  easily  com- 
prehended facts,  and  we  might  jnstly  have  hoped 
that  science  would  have  provided  us  with  an  easily 
mastered  alphabet  of  nerve  function.  But  such  is 
not  the  case.  We  must  therefore  pass  up  in  the 
scale  to  the  next  order  of  animals,  which  shall 
reveal  to  us  some  fresh  factor  of  nerve  function, 
and  those  which  most  conveniently  follow  the 
coelenterates  are  the  echino-dermata — that  is  to  say, 
the  star-fish  and  sea-urchins.  Though  not  far  re- 
moved from  those  beneath  them,  these  auimals 
nevertheless  are  higher,  and,  what  is  much  more 
important  to  us,  they  have  also  been  physiologically 
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investigated  by  Professors  Romanes  and  Ewart.  As 
just  suggested,  they  indicate  to  us,  for  the  tirst  time 
distinctly,  what  Ave  commonly  call  co-ordination, 
when  speaking  of  the  action  of  nerve  centres  in  the 
higher  animals.  This  expression,  co-ordination,  is 
frequently  improperly  employed  ;  but  it  is  a  very  use- 
ful one,  if  its  meaning  be  carefully  limited  to  express 
the  successful  co-operation  of  nerve  centres  when 
simultaneouslv  excited  in  o-reater  or  less  deo-ree. 
Now  of  course  this  phenomenon  is  undeniably  pre- 
sent in  the  medusee,  since  without  it  the  localisation 
of  function  which  they  reveal  would  be  practically 
impossible,  and  it  is  presumably  provided  for  by  the 
ring-  of  nerve  fibres  which  connect  the  maro^inal 
bodies  one  with  anothei'.  But,  in  the  medusae,  the 
intimate  relations  of  different  parts  of  a  body  are 
so  developed,  that  division  of  these  ring-shaped 
connections  does  not  obviously  disturb  the  general 
functions.  It  is,  however,  otherwise  with  the  echino- 
dermata.  In  a  medusa  the  bell,  although  divided 
into  lobes,  habitually  moves  en  bloc,  and  consequently 
we  do  not  have  that  differentiation  of  nerve  function 
which  demands  differentiation  of  structure.  But 
in  the  case  of  the  echino-dermata,  we  have  as  a  rule 
to  deal  with  animals  built  on  a  radial  plan  in  more 
or  less  rigid  shells  (Fig.  13,  A,  /■),  but  whose  whole 
body  and  radial  structure,  may  in  special  cases  be  so 
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Fig.  13.     [Romanes  and  Etoart.) 


A.  Vertical  section  of  wall  of  an  echinu.s. 
a  —  Water  canal. 
I,  I',  I"  =■  Point  to  the  nerve  plexus  on  the 
outer  surface  of  the  shell,  on 
a  spine,  and  on  a  pedicillaria, 
respectively. 

B, 

gc  —  Nerve  corpuscle. 
/  =  Nerve  fibre. 
B  is  much  more  highly  magnified  than  A. 
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divided  and  the  shell  flexible,  as  to  give  their 
individual  parts  a  special  independence,  in  addi- 
tion to  the  capability  of  harmonious  co-operation 
for  the  good  of  the  organism  as  a  whole.  Briefly 
outlined,  therefore,  these  animals  may  be  described 
as  possessing  a  radial  structure,  for  the  most 
part  strengthened  by  a  shell  covering,  in  the 
radii  of  which  are  developed  nerve  channels  and 
water  vascular  channels,  these  latter  terminating  in 
numerous  distensible  and  protrusible  feet  and  sucker- 
like branches  (Fig.  i  3,  A,  2^,  /',  /").  In  the  centre  of 
the  body  and  on  its  surface  occurs  the  elementary 
nervous  system,  which  is  more  developed  than  in  any 
animal  we  have  yet  studied  in  the  present  course. 
As  you  see  in  Fig.  13,  the  nervous  system  in  its 
essential  details,  is  arranged,  like  that  of  a  medusa, 
into  a  system  of  plexuses  and  cells  (see  Fig.  13, 
B,  gc),  aggregated  under  the  ectodermal  epithelium, 
and  also  joined  by  branches  to  a  nerve  ring  (Fig.  13, 
A,  h)  which  runs  round  the  central  axis  of  the  body. 
Considering-  that  this  ring-  is  connected  with 
branches  coming  from  all  parts  of  the  body,  con- 
sidering also  that  it  is  united  to  a  system  of 
plexuses  on  the  inside  of  the  animal  and  on  the 
outer  side  [1),  it  clearly  takes  the  place  of  an 
apparatus  for  the  complete  co-ordination  of  the 
various  nervous  phenomena  exhibited  by  it.     These 
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nervous  phenomena  we  must  now  for  a  moment 
discuss,  remembering  that  the  echino-dermata, 
like  the  medusse,  possess  perceptive  organs  and 
ectodermal  epithelium  cells,  which  are  capable  of 
receiving  impressions,  and  also  of  appreciating 
sensations  of  tension,  strain,  &c.  Owing  to  the 
physical  necessities  or  arrangement  of  the  parts 
of  the  body,  the  objective  phenomenon  of  movement 
in  these  creatures  is  of  a  verv  specially  slow, 
deliberate,  weak,  and  imperfect  execution ;  but,  such 
as  it  is,  it  is  quite  marked,  and  enables  us  to  appre- 
ciate the  difference  between  this  kind  of  animal 
and  one  like  a  medusa.  The  accompanying  photo- 
graphs (Figs.  14  and  15),  from  Messrs.  Romanes  and 
Ewart's  paper,  exhibit  the  actions  of  a  sea-urchin 
in  the  normal  state,  trying  to  right  itself  when  it 
has  been  laid  on  its  back.  You  observe  that  it  puts 
forth  its  sucker-like  feet  at  one  end,  laboriously 
tilts  up  its  shell  until  this  latter  rests  imperfectly 
on  its  edge  (Fig.  15,  A),  and  then  proceeds  by  the 
same  means  to  lower  itself  down  again  (Fig.  15,  B). 
Now  this  apparently  simple  action,  we  shall  see, 
is  lost  when  the  factor  of  co-ordination  is  destroyed. 
But  let  me  first  say  that  Messrs.  Romanes  and 
Ewart  found  that  the  echino-dermata  exhibit  natu- 
rally, as  you  would  expect,  a  simple  response  by  way 
of  movement    in   answer    to    an  external  stimulus. 

E 
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They   noted,    in   passing,  that    the    animal   always 
moved   in   a    line    directly    away   from    the   source 


of  excitation.  Further,  that  a  touch  on  the  sur- 
face of  the  body  was  correctly  localised.  To 
turn  now  to  the  actual   experiments.     The  above- 
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Fig.  15.     (Bomanes  and  Uwart.) 
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mentioned  authors  found  that  if  the  rino-  which 
unites  the  various  divisions  and  branches  of 
the  nervous  system  were  divided,  thenceforth  the 
animal  had  no  power  to  right  itself,  or  only  a  very 
incomplete  power  to  do  so,  the  fact  being  that  the 
plexus  of  nerve  fibres  on  the  outer  surface  of  the 
body  was  sometimes  capable  of  subserving  the 
duties  of  co-ordination.  That  is  to  say,  the  move- 
ments of  the  feet,  and  the  movements  of  the  spines, 
which  are  a  kind  of  helpers  or  crutches  to  the  feet, 
are  to  some  extent  co-ordinated  by  the  plexus  of  the 
inner  surface  of  the  shell.  This  inner  plexus  again 
is  to  a  great  extent  dependent  for  its  efficiency  on  the 
activity  of  the  central  ring,  though  it  is  also  capable 
of  considerable  power  of  co-ordination.     We   have 

therefore   in  the  ringf  of  nerve  fibres  the  first  con- 
es 

struction  of  a  centre  for  co-ordinating  nerve  impulses 
and  producing  co-operation.  In  animals  a  little 
higher  in  the  scale,  indeed  those  which  we  are 
about  to  study  next,  this  factor  of  nerve  function — 
namely,  co-operation — is  not  only  the  most  interest- 
ing, but  is  also  very  highly  developed,  and  we  shall 
find  that  it  is  in  them,  not,  as  in  the  echino-dermata,  a 
simple  matter  of  a  ring  which  connects  together, 
somewhat  vaguely  perhaps,  radiating  trunks  of  nerve 
fibres,  but  that  it  consists  in  the  development  of  what 
are  called  commissures — that  is  to  say,  direct  channels 
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uniting  two  nerve  centres  in  one  direction  for 
example,  and  then  others  for  connecting  them  with 
neighbouring  nerve  centres  on  either  side.  When 
we  examine  the  whole  mechanism  in  the  echino- 
dermata  anatomically,  Ave  find  that  on  magnifying 
the  tissues  highly,  the  nervous  system,  as  in  the 
medusae,  is  made  up  of  sensory  cells  and  organs, 
fibres,  ganglion  cells,  &c.,  and  this  nervous  ring, 
which  is  so  important  to  this  animal,  and  is  chiefly 
composed  of  ganglion  cells  and  fibres,  just  like  the 
nerve  ring  running  round  the  margin  of  a  bell 
in  the  medusae.  To  study  now  this  new  accession 
to  our  knowledge  of  nerve  function — namely,  the 
co-ordinative  action  of  the  nerve  centres  one  with 
another — we  must  leave  the  echino-dermata  and 
proceed  to  the  consideration  of  the  arthropoda, 
which  include,  of  course,  the  jointed  animals  such  as 
the  lobsters,  and  their  congeners,  the  innumerable 
insect  forms.  These  animals,  by  virtue  no  doubt  of 
an  improvement  in  the  organisation  of  their  nervous 
systems,  as  well  as  the  more  practical  development  of 
their  motile  parts,  exhibit,  as  representative  of  the 
objective  phenomenon  of  movement,  characteristics 
far  different  from  those  we  have  so  far  been  study- 
ing. This  specimen,  for  example,  of  daphnia  that 
you  see  darting  hither  and  thither  in  the  water, 
illustrates  very   markedly   this    striking  difierence. 
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You  will  notice  that  this  transparent  little  creature 
reveals  the  sfeneral  structure  of  this  class.  You  see 
that  the  body  is  surrounded  by  a  hard  shell,  that 
there  are  well-developed  sense  organs,  those  for  touch 
fonning  beautiful  antennae,  while  sight  is  provided 
for  by  a  compound  eye,  the  visual  impressions  being 
transmitted  to  a  nerve  centre  which  is  situated  just 
above  the  throat.  Now  let  me  say  at  once  that 
from  henceforth  we  shall  speak  of  nerve  centres  in 
these  animals  as  ganglia.  We  were  not  able  to  do 
so  while  speaking  of  the  nerve  cells  which  are  dis- 
tributed so  freely  and  generally  along  the  nerve 
rings  in  the  medusae  and  the  echino-dermata.  But 
in  the  arthropoda  the  nerve  cells  are  not  scattered 
in  a  haphazard  way,  but  are  collected  together  in 
different  masses,  ^^^7apped  up  and  bound  together  by 
connective  tissue,  while  the  nerve  fibres  which  enter 
and  leave  them  are  gathered  into  very  distinct  cords 
or  bundles,  as  you  will  see  directly.  Consequently 
it  is  convenient  to  have  some  generic  term  to  express 
these  collections  of  nerve  cells.  They  are  therefore 
spoken  of  as  ganglia.  Further  notice  that  in  this 
daphnia  we  have,  for  the  first  time,  a  blood 
circulation  to  nourish  all  the  complex  parts  of  the 
body.  You  see  pulsating  behind  this  tube,  which  is 
the  dig-estive  canal,  a  verv  definite  heart.  The  other 
g-ano'lia    and  nerve   fibres  which   are  in  connection 
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Fig.  16.    (Huxley.) 


with  the  ganglion  in  the  head  are  not  so  readily 
visible.  This  last  point,  however,  is  more  easily- 
demonstrated  in  the  larvae 
of  some  of  the  higher  forms 
•of  arthropods.  In,  for  ex- 
ample, the  animal  Core- 
thra  plumicofmis,  we  have 


a     segmented    shell,    the 


ffli.p: 


head,  which  has  eyes,  is 
furnished  with  filamentous 
appendages,  and,  further, 
the  throat  and  the  rest  of 
the  digestive  canal  are 
very  well  marked,  so  that 
we  can  see  above  the  for- 
mer of  these  a  large  gan- 
glion, and  then,  running 
down  the  underside  of  the 
body,  a  chain  of  ganglia, 
and  a  commissural  chain  (c) 
of  fibres  connecting  them. 
From  the  study  of  these 
little  animals  we  are  able 
to  proceed  with  advantage  to  investigate  larger 
specimens,  of  which  the  simplest  is  the  crayfish. 
Fortunately,  too.  Professor  Huxley  has  made  it 
the   subject   of  one    of    his   lucid    and  most    plea- 
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santly  instructive  zoological  monographs,  suited 
for  all  readers,  so  that  those  who  wish  to  pursue  the 
subject  further  can  do  so  with  the  utmost  readiness. 
In  Fig.  1 6  is  given  diagrammatically  a  dissection  of 
a  crayfish,  showing  the  nervous  system  and  its  re- 
lation to  surrounding  parts.  You  will  notice  that  in  the 
forepart  of  the  head  is  situated  a  large  ganglion  (gn.l). 
This  ganglion  receives  nerves  coming  from  the  eyes 
and  the  antennae,  and  gives  nerves  to  the  foremost 
of  the  head  appendages.  Running  backwards  from 
it  are  two  bundles  of  nerve  fibres,  or  commissures  (c), 
which,  passing  on  each  side  of  the  mouth,  connect  the 
large  head  ganglion  with  the  first  {gn.  /?)  of  a  series  of 
ganglia  which  are  arranged  all  down  the  front  of  the 
body  just  inside  the  shell,  and  which  correspond  one 
to  each  seg-ment.  The  whole  of  the  nervous  svstem 
in  this  animal,  it  must  be  distinctly  understood,  is 
paired — that  is  to  say,  each  ganglion,  as  I  have  just 
described  it,  really  consists  of  two  ganglia  connected 
by  a  little  short  commissure,  or  bundle  of  fibres ; 
consequently  the  commissures  which  connect  the 
one  paired  ganglion  of  one  segment,  with  the  next 
paired  ganglion  of  the  segment  below,  are  double, 
simply  because  of  two  sets  or  collections  of  nerve  cells, 
one  for  each  of  the  two  halves  of  the  body  (Fig.  17, 
/,  /).  There  is  nothing  for  us  specially  to  note  in  the 
structure  of  the  nerve  fibres  or  of  the  nerve  cells 
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Fig.  17.     (Hetziiis.) 

^     9/     ^ 


in  the  arthropoda,  but   each   of  these  elements  are 
better  developed  and  more  differentiated,  perhaps, 
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than  those  seen  in  the  lower  orders.  The  minute 
structure  of  these  ganglia  has  been  made  an  elaborate 
study  by  Professors  Ketzius,  Biedermann,  and  others. 
From  the  splendid  work  of  Professor  E-etzius  is  taken 
Fig,  1 7,  representing  the  appearance  of  the  first  abdo- 
minal ganglion  in  its  sheath  (s)  when  stained  with 
an  aniline  dye,  which  is  practically  taken  up  by  the 
nerve  tissues  only.  The  longitudinally  directed  fibres 
(/,  /,  gf),  which  form  the  commissures  just  spoken  of, 
are  seen  to  be  largely  developed,  but  the  point  of 
greatest  interest  and  importance  is  the  fact  (shown 
also  in  Fig.  i8)  that  the  nerve  fibres  (i),  entering  the 
ganglion,  terminate  or  arise  from  numerous  side 
branches,  which  are  lost  in  the  granular  (punctate 
substance)  (p,  s)  material,  which  forms  the  ground- 
work of  the  ganglion,  and  that  their  connection  with 
nerve  corpuscles  is,  as  especially  shown  in  Fig  1 8,  of 
a  lateral  or  T-shaped  character.  Thus  there  is  no 
evidence  here  of  direct  connection  between  the  nerve 
fibres  or  jDrocesses  of  one  nerve  cell  with  those  of 
another.  Fortunately  we  have  definite  observations 
made  on  these  simple  ganglia  by  the  experimental 
research  of  physiologists,  and  j^i'incijDally  by  the 
investigations  of  Mr.  Ward.  This  author  first  de- 
voted himself  to  findino-  out  whether  the  function 
of  co-ordination  was  disturbed  Avhen  the  commis- 
sures uniting  the  ganglia  were  interrupted,  and  he 
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found  that  it  was 
That    if    the 
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so 


fibres,  for  example, 
connecting  the 
large  ganglion  with 
the  second  were 
divided  on  the  one 
side,  initiation  of 
movements  of  limbs 
of  that  side  was 
lost ;  but  of  course 
if  any  of  the  limbs 
were  touched,  there 
was  a  simple  re- 
sponse in  the  shape 
of  movement.  If 
both  the  commis- 
sures are  divided, 
there  is  complete 
loss  of  initiation. 
Under  these  cir- 
cumstances, the 

Ipo-q  wVipn  irrifatprl       ^  =  Peripheral  small    ganglion  nerve  cor- 
legb  wnen  nilLateu  pushes  ;  note  their  T-shaped  junctions  with 

TYin^rP    or  flip  nViplfP     ^®^^®  ^^^®®- 

iiiuvtj,  Ui    uiic  L/iicicc,     ^s  =  The  punctate  or  ground  substance. 

T  2.         i_J        '.ul-.      V.        /=  Large  nerve  corpuscle,   also  joined  at 

II  tOUCneCl  Wltn  Ob-  right  angles  to  a  large  fibre. 

gf  =  Longitudinal  commissural  giant  fibre. 

jectS,  react  at   once     '  i  =  Fibres  of  longitudinal  commissure. 

,  .  -,  i  =  Ingoing  nerve  fibres. 

by    grasping    tnem       s  =  sheath  of  ganglion. 
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and  conveying"  them  to  the  maxilhpedes,  which 
hand  them  into  the  mouth  ;  but  the  animal 
exhibits  no  regfard  to  the  nature  of  the  food,  and 
similarly  shows  no  regard  to  its  position,  provided 
the  water  in  which  it  is  placed  is  motionless, 
further,  if  reversed,  it  is  impossible  for  it  to  replace 
itself,  as,  in  its  normal  condition,  it  usually  does  im- 
mediately. It  is  interesting  to  note  that  the  lower 
ganglia,  after  the  influence  of  the  highest  is  thus 
cut  off,  when  moderately  irritated  caused  rhyth- 
mical movements  of  the  posterior  or  ambulatory  legs. 
We  thus  see  that  the  highest  ganglion  is  the  most 
important,  and  corresponds  somewhat  to  the  brain 
of  higher  animals.  It  nevertheless  is  not  entirely 
so,  for,  as  just  described,  some  co-ordinated  move- 
ments of  the  legs  and  of  the  jaws  in  feeding  can  be 
performed,  even  if  the  uppermost  ganglion  have 
disappeared.  If  now,  however,  the  second  ganglion's 
influence  is  removed  by  dividing  the  commissures 
connecting  it  with  the  third  ganglion,  the  power  of 
moving  the  jaws  in  feeding  disappears  so  far  as  it 
is  co-ordinated  with  movements  of  the  limbs,  and 
it  is  clear  therefore  that  these  two  first  ganglia 
exhibit  in  a  remarkable  way  that  great  principle  of 
nerve  functions  of  which  we  have  as  yet  seen  but 
little — namely,  the  precise  localisation  of  action  in 
definite   parts   of  the    nervous   system,  or,  as    one 


LECT.  III.  OF  THE   NERVOUS   SYSTEM.  77 

naturally  prefers  to  say,  in  special  nerve  centres. 
We  are  also  justified  from  these  experiments  in  con- 
cluding that,  in  these  animals,  the  nervous  system 
in  each  of  its  conjoint  halves  subserves  practically 
the  functions  of  only  that  side  of  the  body  in  which 
it  happens  to  lie.  We  have  therefore  not  only 
localisation  of  function,  but  also  proof  that,  in  the 
systems  in  which  that  is  first  well  marked,  there  is 
concurrently  exhibited  a  unilateral  character  of  the 
representation  of  movement  in  the  nerve  cells. 
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LECTURE   lY. 

After  the  review  that  we  have  just  made  of  the 
nervous  system  and  its  functions  in  the  inverte- 
brata,  we  are  now  justified  in  passing  at  once  to  the 
vertebrata.  In  order  to  utilise  most  profitably  the 
time  at  our  disposal,  I  shall  proceed  to  describe  to 
you  the  anatomy  of  the  spinal  cord  and  the  gan- 
glionic arrangements  of  three  classes  of  vertebrated 
animals,  and  I  shall  point  out  to  you  the  relations 
which  those  structures  bear  to  the  peripheral  nerves 
of  the  body,  before  proceeding  to  explain  to  you 
their  function.  This  course  is  not  only  natural  but 
inevitable,  because  while  we  have  a  large  amount 
of  experimental  research  bearing  upon  the  function 
of  the  spinal  cord,  it  has  been  derived  from  obser- 
vations upon  difierent  classes  of  animals ;  and  this, 
according  to  the  principles  which  we  have  akeady  had 
occasion  to  find  true,  means  sufficient  difference  in 
function  to  necessitate  caution  in  the  interpretation 
of  facts.  As  specimens  of  vertebrated  animals, 
besides    man    and    apes,    to    which    I    shall    make 
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reference,  I  shall  employ  only  three,  as  I  have  just 
stated — viz.,  the  amphibia,  birds,  and  carnivora. 
The  anatomical  structure  in  the  last  order  is  so  very 
near  that  of  the  higher  animals,  including  man, 
that  very  reasonable  and  accurate  inferences  have 
been  successfully  drawn  from  their  examination 
in  making  comparison  with  the  higher  orders. 
In  all  cases,  where  we  are  dealing  with  the 
function  of  similar  orgfans  in  different  orders  of 
animals,  we  can  avoid  error  if  we  classify  the  points 
to  be  elucidated  into  a  first  division  of  general 
principles,  and  follow  that  by  succeeding  divisions, 
gradually  introducing  more  and  more  details.  What 
is  true  of  one  order  as  regards  the  first  of  such  divi- 
sions, is  undoubtedly  true  of  another  ;  but  where 
mistakes  have  been  made  they  have  followed  the 
indiscriminate  application  of  facts  from  one  animal 
to  explain  events  occurring  in  another,  without 
reference  to  the  division  of  principles  such  as  that 
I  have  indicated.  With  this  prefatory  caution  we 
can  very  well  proceed  to  our  task,  without  fear  of 
confusing  incompatible  facts. 

It  will  first  be  necessary  for  us  to  consider  what 
we  have  rather  left  out  so  far — viz.,  the  structure 
of  nerve  fibres,  which  we  now  know  to  be  particu- 
larly important,  because  of  late  years,  chiefly  through 
the  researches  of  Gaskell,  the  mere  differences  in 


8o  THE   STRUCTURE   AND   FUNCTIONS       lect.  iv. 

size  of  fibres  in  the  mammalia  have  been  shown  to 
be  determined  in  part  by  differences  in  function. 
Of  course  in  the  amphibia  it  is  especially  easy  to 
study  these  structures,  both  in  their  anatomical  and 
physiological  relations,  since  they  preserve  their 
characters  unaltered  for  some  time  after  general 
death.  I  shall  therefore  show  you  some  speci- 
mens of  nerve  cells  and  nerve  fibres  taken  from 
the  frog. 

Nerve  fibres  are  divided  into  two  classes,  which 
are  termed  respectively  medullated  (Fig.  20)  and 
non-medullated  (Fig.  19).  This  distinction  is  drawn 
because  in  the  first  class  the  fibre  itself — that  is,  the 
nervous  cord — is,  just  as  in  the  second  class,  merely 
a  fine  thread  of  protoplasm,  but  happens  to  be 
also  surrounded  by  a  sheath  of  insulating  material. 
You  see  these  fibres  here  in  the  living  state  un- 
altered, but  it  is  easier  to  demonstrate  this  sheath 
when  the  fibres  have  been  stained,  as  in  the  pre- 
sent instance  (Fig.  20),  with  osmic  acid,  which 
colours  the  insulating  sheath  black,  owing  to  the 
fact  that  this  latter  is  of  a  fatty  nature.  The 
other  class  of  the  non-medullated  nerves,  when  thus 
treated  with  osmic  acid,  simply  stain  of  a  light 
brown  colour,  as  they  do  not  possess  this  insulating- 
sheath.  Now,  Gaskell  has  shown  that  those  fibres 
which  have  no  sheath  have  always  come  into  con- 
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uection  with  ganglia  after  they  have  left  the  central 
nervous  system,  and  before,  of  course,  they  reach 


Fig.  19. 


Fig.  20. 


their  destination,  and,  consequently,  that  the  loss 
of  the  sheath  is  an  evidence  of  this  junction.     Of 

F 
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the  meaning  of  the  sheath  or  its  utihty  we  know 
nothing,  but  it  is  supposed  to  act  as  an  insulator. 
I  shall  now  speak  of  the  destination  of  nerve  fibres. 
You  have  seen  sufficient  to  know  that,  whatever  be 
the  structure  of  the  nerve  fibre,  it  either  conveys  an 
impression  to  the  central  nervous  apparatus  or  away 
from  it ;  in  other  w^ords,  it  is,  as  in  the  first  case,  a 
sensory  fibre,  or,  as  we  ought  more  correctly  to  call 
it,  an  afferent  channel,  whereas  in  the  second  case  it 
is  a  motor  fibre,  or  an  efferent  channel.  Taking  the 
first  set  of  fibres,  the  afferent  channels,  we  find,  of 
course,  that  we  thereby  include  all  the  nerves  which 
convey  special  sensations — the  optic  nerve  or  the 
nerve  of  sight,  the  auditory  nerve,  and  so  on— 
not  to  mention  the  innumerable  ones  which  run 
from  the  vast  multitude  of  tactile  sense  organs 
that  are  scattered  over  the  skin.  I  cannot  detail 
to  you  the  structure  of  all  these,  nor  is  it  necessary, 
since  they  are  to  be  found  described  at  length  in 
every  text-book  of  anatomy ;  "^  but  it  is  incum- 
bent on  me  to  give  you  an  idea  of  sensory  nerve- 
endings  and  the  general  principle  on  which  they  are 
all  constructed  in  vertebrate  anunals.  Viewed  in 
its  simplest  condition,  a  nerve  fibre  which  is  capable 
of  receiving  a  sensory  impression  terminates  in  a  little 
bulbous  expansion    (Fig.    21,  f),   and   this  bulbous 

*  Consult  especially  Qnain's  "Anatomy." 
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Fig.  21. 


expansion  Is  very  frequently  ensheathed  in  various 
ways  for  a  purpose  which  is  not  fully  understood,  but 
which  seems  to  have  some- 
thing to  do  with  excitation 
of  the  nerve  fibre.  I  here 
show  to  you,  as  an  example 
of  a  sensory  nerve-ending, 
one  of  the  beautiful  little 
bodies  which  are  to  be  found 
in  the  substance  of  our 
fingers,  and  are  distributed 
throughout  the  vertebrate 
animals,  and  which  unques- 
tionablv  are  oro-ans  for  the 

•J  o 

reception  of  touch,  as  also, 
possibly,  for  temperature 
sensations  (Fig.  2  i ). 

You  will  observe  that  we 
have,    entering     the     lower 
part  of  this  oval  body,  the 
nerve  fibre  (6) ;   it  passes  up 
through  the    middle    of  the 
body,    which,    as    may    now 
be  mentioned,  derives  its  name.  Pacinian  corpuscle 
from   Pacini,    the    Italian    anatomist,   who,    simul- 
taneously with    the   late  Mr.   Marshall,  discovered 
it.     Ensheathino'   the    nerve    fibre    are    concentric 
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layers  of  altered  protoplasm  (c,  (/)  which,  while 
protecting  its  delicate  bulbous  end  are  not  known 
to  exert,  as  just  stated,  any  very  definite  in- 
fluence upon  it.  A  sensory  nerve-ending  there- 
fore, briefly  summed  up,  consists  of  a  bulbous  end 
to  the  nerve  fibre,  more  or  less  concentrically  en- 
sheathed. 

Fig. 22. 


We  now  turn  to  the  other  side  of  the  system, 
to  see  how  a  nerve  fibre  terminates  when  its  desti- 
nation is  muscle  or  contractile  tissue  (see  Fig.  22). 
I  have  shown  you  how  that,  in  the  medusse,  the 
nerve  fibres  that  are  distributed  to  the  muscular 
tissue  of  the  l3ell  terminated  in  little  nucleated 
swellings.  We  now  find  that  exactly  the  same 
conditions,  in  varying  degrees  of  complexity,  prevail 
throughout  the  animal  kingdom  up  to  and  including 
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man,  the  nerve  fibre (?i)  which  arrives  at  a  muscle  fibre 
sweUing  out  into  a  Httle  protoplasmic  cushion  (nr), 
which  is  attached  to  the  side  of  the  muscle  fibre  in 
intimate  contact  with  it  {Fig.  22).  That  the  nerve 
fibre  and  its  ending  have  rather  different  properties 
is  known  to  us  bv  the  action  of  certain  druo-s 
which  have  been  found  to  paralyse  the  action  of 
the  latter,  but  not  the  nerve  fibre  itself.  It  is  clear, 
therefore,  that  these  nerve-endings- do  possess  a  kind 
of  physiological  individuality,  a  matter  to  which 
you  will  remember  I  was  obhged  to  direct  your 
attention  in  speaking  of  the  source  of  the  rhythm 
in  the  bell  of  the  medusa. 

I  shall,  however,  leave  the  particular  points  which 
will  interest  us  in  the  function  of  nerve  fibres,  until 
after  we  have  further  considered  the  anatomy  of  the 
nerve  centres,  so  far  as  it  involves  the  spinal  cord 
and  so-called  sympathetic  system. 

To  this  subject  we  will  now  turn,  and,  taking  the 
frog  as  the  most  convenient  example  and  as  the 
animal  about  which  we  know  most,  we  find  when 
we  come  to  investisrate  its  nervous  svstem,  and  to 
compare  it  with  the  lower  orders  we  have  already 
considered,  that  it  is  not  possible  for  us  to  draw 
any  but  very  general  conclusions,  respecting  the 
comparisons  which  we  strive  to  make  between  the 
complex  system   which    is    now    introduced    to    our 
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notice  and  the  simpler  apparatus  which  I  have  been 
describing.  At  this  moment  this  question  is  being 
very  hotly  debated,  chiefly  owing  to  the  remarkable 
researches  of  Gaskell ;  but,  in  addition  to  the  whole 
matter  being  so  essentially  sub  judice,  it  is  not  for 
me  to  express  any  positive  opinion  upon  it,  and 
for  further  study  I  must  refer  you  to  the  writings 
of  that  author.  The  reason  why  we  are  met  with 
so  much  difliculty  in  this  matter  is  because  in  all 
questions  of  tracing  out  homologies,  we  are  always 
at  a  loss  if  we  have  not  before  us  a  series  of 
ancestral  forms  wherewith  to  work  out  the  staofes 
of  evolution  that  the  nervous  system  has  passed 
through.  It  is  the  loss  of  these  intermediate  forms 
Avhich  places  us  in  this  dilemma.  Personally,  I 
believe  that  anatomical  research  will  do  less  than 
physiology  towards  settling  these  important  and 
most  difficult  questions,  and  that,  as  a  fact,  we 
shall  not  advance  very  far  towards  their  solution 
until  we  are  able  to  approach  them  from  the 
standpoint  of  their  function,  which  of  course  is  a 
totally  difierent  mode  of  comparative  investiga- 
tion. Perhaps  I  might  indicate  to  you  in  a  few 
words  an  instance  of  the  difference  in  the  amount 
that  we  have  ah'eady  learnt  from  anatomy  and 
physiology  respectively.  Beginning  with  the  highest 
apparatus  which  is  likely  to  afford  us  the  maximum 
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of  differentiation,  we  found  that  in  the  crayfish  the 
uppermost  of  the  series  of  gangha  was  clearly  the 
one  in  which  most  initiation  of  movement  started, 
but  that  that  initiation  was  also  shared  by  the  second 
ganglion,  and  that  between  the  two  passed  the 
gullet  or  oesophagus  of  the  animal ;  whereas  when 
we  turn  to  the  frog  we  find  that  the  whole  of  the 
nervous  system,  which  is  capable  not  only  of  initia- 
tion but  of  the  very  simple  property  of  reflex  action, 
or  simple  muscular  response  to  a  peripheral  stimula- 
tion, is  permanently  above  {dorsally)  the  oesophagus 
or  gullet,  and  nowhere  is  any  part  of  it  below 
[ventraUy).  Anatomically,  therefore,  one  would  not 
be  justified  in  saying  that  the  first  two  ganglia 
of  the  crayfish  are  comparable  to  the  cerebral 
hemispheres  of  the  frog ;  but  if  now  we  turn  to 
physiology  we  find  the  physiological  evidence  to 
point  directly  to  such  a  conclusion,  and  since  phy- 
siology can  show  an  agreement  in  function,  and 
anatomy  is  not  able  to  adduce  absolute  evidence 
either  as  to  agreement  or  disagreement  in  the  evolu- 
tion of  structure,  it  is  likely  that  the  physiological 
aspect  of  the  case  is  the  more  correct  one.  More- 
over, the  brilliant  investigations  of  Gaskell  suggest 
that  a  perfect  harmony  underlies  the  apparently 
conflicting  facts,  and  that  the  true  homology  lies 
between,  not  the  g-ullet  of  the  invertebrate  and  that 
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of  the  vertebrate,  but  rather  between  the  gullet  of 
the  invertebrate  and  the  central  nerve  canal  of  the 
vertebrate. 

Puttino-   aside  all   discussion    of  these   recondite 

o 

subjects,  which  are  not  immediately  necessary  to  our 
present  purpose,  we  will  now  examine  the  nervous 
system  of  a  frog  in  fui^ther  detail,  and  we  shall  find 
that  anatomically  we  are  introduced,  in  this  animal, 
to  an  enlargement  of  the  simple  conditions  which 
prevailed  in  the  invertebrate.  In  the  invertebrate  we 
had  to  do  with  scattered  and  simple  nerve  centres 
which  we  called  o-anHia,  and  to  and  froniAvhich  there 
ran  nerve  fibres.  Now  in  the  frog  these  ganglia, 
in  which  the  reflex  functions  and  their  localisation 
are  more  concentrated,  are  built  up  together  closely 
into  the  organs  which  we  call  respectively  the  brain, 
the  little  brain  (or  cerebellum),  and  the  spinal  cord. 
In  Fig.  23  vou  see  these  parts  represented.  At 
H.c\  kQ.,  are  the  cerebral  hemispheres,  the  optic 
lobe,  the  cerebellum,  and  the  spinal  cord  (see  also 
Fig.  2 4)  You  further  note  that,  just  as  in  the  crayfish, 
each  half  of  the  body  is  supplied  by  half  the  nervous 
svstem  ;  in  other  words,  that  the  nerve  centres  in  the 
amalgamated  brain  and  the  spinal  cord  of  the  frog 
are  just  as  much  paired  as  the  twin  ganglia  of  the 
crayfish  are.  But  herein  enters  a  difference  between 
the  two  animals.     In  the  cravfish,  the  ganglia  of  the 
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Nervous  system  of  frog  viewed  from  the  front. — Echer. 

o  —  Eyeballs. 
M.c.  =  Cerebral  hemispheres. 
I-X  =  Cranial  nerves. 

iS  =  Sympathetic  chain  of  ganglia  and  fibres. 
S^,  S~,  lie-  =  Sympathetic  ganglia. 

M^-M^''  —  Spinal  nerves  coming  from  cord. 
31  =  Spinal  cord. 
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one  half  of  the  bod}^  innervated  the  corresponding  half 
and  subserved  its  functions,  therefore  we  say  that 
the  crayfish  exhibits  unilaterality  of  representation. 
From  the  frog  upwards  we  are  introduced  to  a  new 
circumstance — viz.,  the  fact  that  the  sensory  nerves, 
especially  those  of  the  eyes,  have  acquired  a  diagonal 
direction  of  growth,  so  that,  as  you  see,  the  optic 
nerves  absolutely  cross  one  another  (Fig.  23,  II.),  the 
result  being  that  the  eye  of  one  side  is  in  relation 
with  the  half  of  the  brain  that  belongs  to  the  other, 
and  that  this  crossing  on  the  sensory  side  is  made  up 
on  the  motor  by  a  similar  intersection  of  the  channels, 
so  that  the  muscles  of  one  half  of  the  body  are  able  to 
work  harmoniously  in  relation  with  the  sense  organs 
of  that  side.  But  this  harmony  is  only  maintained 
by  means  of  these  crossings  of  the  channels.  We 
cannot  dwell  upon  the  relations  of  the  brain  in  this 
animal,  inasmuch  as  that  will  form  part  of  next 
year's  course ;  we  must  therefore  turn  our  attention 
to  the  spinal  cord. 

In  looking  at  the  spinal  cord  as  it  is  shown  in 
Fig.  25,  it  is  obvious  that  it  is  divided  by  a  median 
groove  into  two  equal  parts,  and  that  it  is  a 
columnar  structure,  which  terminates  below  in  a 
point,  but  above  passes  into  the  brain.  If  we  were 
to  make  a  cross  section  of  it  we  should  find,  as  I 
stated  in  my  first  lecture,  that  it  is  tunnelled  in  its 
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Fig.  24. 


centre  by  a  minute  canal,  which  passes  upwards 
into  the  ventricle  of  the  brain.  Now,  as  a  matter  of 
fact,  before  it  reaches  the  centre 
of  the  hemispheres,  this  canal 
widens  out  on  the  posterior 
surface  at  the  upper  part  of 
the  spinal  cord  just  below  the 
cerebellum,  and  here  forms  a 
lozenge-shaped  space,  which  is 
known  as  the  fourth  ventricle 
(Fig.  24).  The  upper  part  of 
the  spinal  cord,  which  is  thus 
hollowed  out  posteriorly,  is 
that  part  which  has  received 
the  name  of  medulla  oblongata 
or  bulb,  and  because  it  gives 
origin  to  the  important  nerves 
which  regulate  the  action  of 
the  heart  and  the  breathing, 
it  has  been  looked  upon  as  a 
special  part  of  the  central 
nervous  system.  For  the  pre- 
sent, however,  we  shall  disre- 
gard this  region  and  confine 
ourselves  for  the  next  few  lectures  to  an  examina- 
tion of  the  functions  of  the  rest  of  the  spinal  cord. 
You   notice   further  (in  Fig.    i    and    Fig.   42)    that 


Brain   of  frog  and    upper 
part  of  spinal  cord. —  Ecker. 

Ch    =  Cerebral      hemi- 
spheres. 
p  =  Pineal  gland. 
Cb  —  Cerebellum. 
Sp.  C  =  Spinal  cord. 
IV.  V.  =  Fourth  ventricle. 
Ojj.  =  Optic  lobe. 
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in  the  higher  mammals  the  spinal  cord  presents  a 
distinct  enlargement  where  the  nerves  of  the 
upper  and  lower  limb  are  respectively  given  off. 
This,  however,  is  far  more  marked  in  the  higher 
animals  ;  such,  for  exam^^le,  as  the  bird  and 
the  carnivora.  These  swellings  are  spoken  of  as 
the  cervical  enlargement  and  lumbar  enlargement 
resjDectively  ;  the  first  being  situated  in  the  neck 
region,  and  giving  rise  to  the  nerves  of  the  upper 
limb ;  the  second  being  at  the  lower  extremity 
of  the  cord,  and  furnishing  the  nerves  for  the 
lower  limb.  They  are  due  to  the  greater  develop- 
ment of  nerve  cells  and  centres,  as  well  as  to  the 
addition  of  fibres,  the  increase  in  each  case  being 
related  to  the  requirements  of  the  limbs.  We 
must  now  proceed  to  examine  the  anatomy  of  the 
cord  more  minutely  ;  it  practically  has  the  same 
structure  throughout,  although  the  proportions  of 
its  constituents  necessarily  vary  according  to  the 
amount  of  function  the  particular  part  may  have 
to  perform.  It  is  always  best  to  look  at  struc- 
ture in  relation  to  function,  and  I  shall  therefore 
describe  its  arrangement  from  the  two  points  of 
view  :  firstly,  the  spinal  cord  as  a  conductor  ;  and, 
secondly,  the  spinal  cord  as  a  nerve  centre. 

These  two  points  of  view  are  especially  evidenced 
by  a  cross  section  of  the  organ  (Fig.  25)  ;  you  see  then 
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that  an  immense  mass  of  it  is  made  up  of  nerve  fibres; 
but  there  are  other  parts  of  it  which  have  a  greyish 
appearance,  and  in  which  are  more  especially  gTouped 
together  the  nerve  corpuscles.     The  bundles  of  nerve 


Fig.  25. 


-Ci 


Cross  section  of  the  spinal  cord  of  the  frog. — Eclcer. 


CC  =  Central  canal. 

p  =  Posterior  column. 

P  —  Posterior  root. 

a  —  Anterior  column. 


L  =  Lateral  column. 
A  —  Anterior  roots. 
c  =  Nerve  corpuscles  of 
anterior  cornu. 


V  =  Blood  vessel. 


fibres  are,  of  course,  the  structures  we  are  now 
particularly  considering.  They  are  seen  to  be 
naturally  grouped  into  definite  regions  of  the  cord, 
.and  separated  from  one  another  by  the  nerve  centres 
before  alluded  to.     Thus  thev  are  for  convenience 
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spoken  of  as  the  posterior  column  (p),  the  lateral 
column  (X),  and  the  anterior  column  (a)  on  each  side. 
It  would  be  strictly  more  correct  to  call  the  posterior 
column  the  dorsal,  and  the  anterior  column  the 
ventral  in  each  case  ;  but  custom  has  so  connected 
the  terms  anterior  and  posterior  with  the  divisions  of 
the  cord  in  man,  that  it  has  usually  been  found  more 
convenient  to  transfer  the  same  nomenclature  to  the 
lower  animals.  The  nerve  fibres,  which  make  up  the 
columns,  differ  in  size,  but  the  significance  of  this 
is  as  yet  imperfectly  understood. 

Turning  now  to  the  cord  as  a  nerve  centre,  you 
find  that  the  grey  matter  or  part  of  the  cord,  which 
has  verv  much  the  shape  of  the  letter  H  (see  rather 
Fig.  27),  is  that  portion  of  it  which  contains 
the  ganglion  cells,  and  which  consequently  per- 
forms the  functions  of  the  cord  as  a  distinct  organ. 
These  g-anoflion  cells  are  arrano^ed  in  two  main 
divisions  :  those  in  the  anterior  or  ventral  part  of  the 
grey  substance,  which  are  large  massive  cells  ;  those 
in  the  posterior  part,  which  are  small,  and  have 
evidently  to  do  with  the  reception  of  impressions, 
the  large  ones  subserving  the  functions  of  motor  or 
efferent  impulses.  The  cross-piece  of  the  H  is  made 
up  of  nerve  fibres  which  pass  over  from  one  side  of 
the  spinal  cord  to  the  other,  and  which  are  there- 
fore supposed  to  have  a  commissural  character. 
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It  will  now  be  convenient  to  review  the  connec- 
tion of  the  peripheral  nerves  with  the  cord.  You 
are  already  familiar  with  the  fact  that,  opposite 
to  the  space  between  each  pair  of  vertebrae  of  the 
spinal  column,  a  nerve  passes  out  into  the  body  ;  and 

Fig.  26. 


C  =  Spinal  cord  cut  across. 
Pr  =  Posterior  root. 
ar  =  Anterior  root. 
SPD,  IPD  —  Branches  of  compound  nerve. 
8r  =  Sympathetic  ganglion 
V  —  Ventral  termination  of  nerve. 

furthermore,  that  it  arises  from  the  spinal  cord 
by  two  roots,  an  anterior  root  and  a  posterior 
root  (Fig.  26).  Fortunately,  we  are  able  to  say 
that  a  srood  deal  is  known  of  the  connection  of 
these  roots  with  the  spinal  cord.  It  will  how- 
ever,  be  better,  I  think,  to  say  the  few  words  I 


y6  THE   STRUCTURE   AND   FUNCTIONS        lect.  iv. 

have  to  say  upon  the  particular  points  in  the 
structure  of  the  spinal  cord  of  the  bird  and  the 
cat,  before  discussing  this  connection,  since  it  has 
])een  much  more  elucidated  by  investigation  of  the 
higher  than  of  the  lower  vertebrates.  The  spinal 
cord  of  the  Ijird  requires  no  special  description. 
The  canal  which  penetrates  it,  however,  opens  at  the 
lowest  part  in  the  lumbar  enlargement,  just  like  the 
fourth  ventricle  in  the  highest  part,  or  medulla 
oblongata.  This  lower  opening  is  known  as  the 
rhomboidal  sinus. 

Similarly,  the  spinal  cord  of  the  cat  (see 
Fig,  i),  as  an  example  of  general  plan  of  structure 
in  the  carnivora,  is  merely  a  multiplication  of 
the  simple  forms,  and,  consequently,  Avhen  Ave 
examine  the  cord  in  the  carnivorous  animal,  we 
only  see  a  more  complex  arrangement  of  fibres  and 
cells  than  what  we  discover  in  the  frog-.  This  com- 
plication  does  become  of  interest  and  importance, 
however,  when  we  finally  explain  the  arrangement 
of  the  spinal  cord  as  \ve  see  it  in  man  ;  but  we  must 
first  turn  again,  putting  that  aside,  to  the  condition 
of  affairs  in  the  frog.  We  do  not  know  absolutely 
the  course  of  the  fibres  as  they  enter  the  frog's  cord 
by  a  sensitive  or  afferent  channel,  and  we  can  only 
suppose  that  they  are  partly  direct,  partly  indirect. 
We   do    know,    however,    that    the    nerve  cells    (jr 
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corpuscles  of  the  anterior  columns  of  grey  matter 
are  definitely  connected  anatomically  with  the 
nerve  fibres  of  the  anterior  root  or  efferent  channel. 


^  —  L 


Spinal  cord  cut  across  (man). 

A  =  Anterior  column. 

P  =  Posterior  column. 

L  =  Lateral  column. 

p  =  Posterior  part  of  grey  matter  (nerve  centres). 

a  =  Anterior  or  eilerent  part  of  nerve  centres. 
AK  =  Anterior  roots. 
PR  =  Posterior  roots. 

Consequently,  if  an  impression  travels  up  the 
posterior  root  or  afferent  channel  and  gains  the 
spinal  cord  in  the  frog,  it  will  reach  the  gre}^ 
matter  on  the  side  where  the  small  corpuscles  are 
collected  ;   it  then  passes  across  apparently  an  area 

G 
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of  obstruction,  and  enters  the  so-called  motor  cells, 
finally  leaving  them  by  the  large  nerve  fibres  which 
make  up  the  anterior  root.  The  same  description 
also  applies  to  the  bird,  and  the  chief  interest 
attaching  to  it  is  the  remarkable  development  of 
this  simple  nerve  mechanism,  and  consequently,  as 
we  shall  see  later,  great  (so-called)  power  of  recu- 
peration of  function  in  these  animals. 

In  turning'  to  the  structure  and  functions  of  the 
spinal  cord  in  the  higher  carnivora  and  in  man,  it 
is  interesting  to  find  that  the  actual  performance  of 
function  in  this  species  is  subserved  by  a  similar 
arranofement  of  nerve  cells  and  nerve  fibres,  and  that 
impressions  come  to  the  spinal  cord  by  means  of  the 
posterior  root,  and  apj)ear  to  pass  across  from  the 
small  cells  in  the  posterior  part  of  the  cord  to  larger 
cells  in  the  anterior  part,  and  out  by  the  anterior 
roots.  So  that,  as  we  shall  see  directly  in  subsequent 
lectures,  in  whatever  vertebrate  animal  we  take,  this 
mechanism  provides  for  response  by  movement  in 
answer  to  a  single  sensory  stimulus,  in  exactly  the 
same  way  as  occurs  in  the  medusae  as  well  as  in  other 
invertebrates.  At  this  point,  however,  I  ought  to 
indicate  to  you,  especially  as  this  is  only  a  prefatory 
account,  that  the  nerve  centres  in  the  spinal  cord 
are  arranged  in  groups  according  to  the  work 
which  they  have  to  perform,  and  that  there  are,  in 
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the   carnivora,  numerous    collections  of  such    nerve 
centres  corresponding  to  each  segment  of  the  cord 
— that  is  to  say,  each  district  of  the  cord  which  is  in 
relation  with    the  two  roots  of  each  single  nerve. 
The  activity  of  the  spinal  cord  in  the  higher  animals 
has  to  be  considered  in  regard  to  the  functions  of 
the  viscera,  since  it  is  not  necessary  for  the  correct 
performance  of  most  of  these  that  the  brain  should 
be  intact,  the  spinal  cord  being  quite  equal  to  the 
task   of    providing    for     their     being    successfully 
carried  out.     But   it  does  so  by  means  of  groups 
of    nerve    cells,    which    are    aofSfreofated    into    con- 
venient  places.     Hence,  when  we  are  able  to  leave 
general  principles  and    come  down   to   details,   we 
shall  see  that  there  are  collections  of  such    nerve 
centres  in  the  upper  portion  of  the  spinal  cord  or 
bulb  for  the   movements  of  the   heart    and  lungs, 
as  well  as  in  part  for  those  of  the  alimentary  canal. 
Besides  these,    there  is,    in  addition,    a    most   im- 
portant   central    mechanism   situated    here,    which 
regulates  the  size  of  the  blood-vessels  all  over  the 
body.     This  last  apparatus  attains  its  purpose  by 
operating  upon  centres  lower  down  in  each  segment 
of  the  spinal  cord,  each,  moreover,  being  situated 
opposite  to  the   origin   of  every  nerve.     Then,    \\\ 
addition,  we  have  other  centres  aggregated  in  the 
lower  part  of  the  cervical  enlargement,  the  upj)er 
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part  of  the  dorsal  cord  and  the  lumbar  enlargement 
more  especially,  which  regulate  entirely  the  move- 
ments of  the  viscera,  their  successful  performance 
of  the  functions  they  subserve,  and  moreover  the 
state  of  the  circulation  Avithin  them.  So  much  is 
this  recognised,  that  it  is  customary  to  speak  of  these 
last-named  centres  more  particularly  as  the  "  lumbar 
centres." 

I  have  now  spoken  so  far  of  the  cord  as  a  conductor 
of  the  sensory  impulses  upwards,  and  of  its  being 
an  orofan  in  which  nerve  centres  are  convenientlv 
grouped  together  for  the  performance  of  definite  acts. 
I  have  said  nothing  about  it  as  a  conductor  down- 
wards of  impulses  coming  from  the  brain.  The 
fibres  of  the  spinal  cord  which  carry  out  this  pur- 
pose run  in  the  lateral  columns  in  a  small  bundle 
towards  the  posterior  side  of  the  column,  and  all  the 
evidence  goes  to  show  that  they  terminate  in  the 
nerve  centres  seriatim  down  the  cord.  In  man 
and  the  highest  apes  this  duty  is  imperfectly  shared 
by  the  anterior  column  as  low  as  the  middle  of  the 
dorsal  region,  and  probably  lower  (Tooth). 

Proceeding  to  the  next  point  or  general  principle, 
we  have  to  consider  hoAv  far  in  these  vertebrata  the 
nerve  centres,  thus  congi-egated  in  the  spinal  cord, 
are  connected  with  one  another,  just  as  we  saw  the 
nerve   centres  or  o'ano-lia  in  the  invertebrata  to  be 
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connected  by  commissures.  In  the  crayfish  you 
saw  that  the  P-ano-lia  were  united  bv  lonoitudinal 
bundles  of  nerve  fibres,  and  crosswise  also  by  little 
transverse  ones.  In  the  higher  animals,  where 
the  cord,  as  you  see,  is  such  a  wilderness  of  fibres 
and  cells,  it  is  not  easy  to  speak  so  very  definitely 
on  the  union  of  the  centres  one  with  another. 
We    are    therefore   oblio-ed    to    draw    evidence    on 

o 

the  point  rather  from  physiology  than  anatomy. 
Physiology  teaches  us  the  following  considerations  : 
In  the  first  place,  each  half  of  the  spinal  cord  is 
in  relation  with  its  own  half  of  the  body,  so  that, 
as  far  as  it  goes,  each  half  of  the  spinal  cord  re- 
presents a  single  chain  of  ganglia  running  down 
one  side  of  the  middle  line  in  the  crayfish.  But 
whereas  the  physiological  experiments  on  the  cray- 
fish went  to  show  that  in  that  animal  there  was 
no  possibility  of  one  chain  of  ganglia  supple- 
menting the  other,  this  is  not  quite  true  of  the 
higher  forms,  inasmuch  as  in  them,  the  destruc- 
tion of  the  centres  on  one  side  of  the  cord  is  so 
provided  against  by  commissures  and  cross  junction 
lines,  as  to  render  it  relatively  easy  for  a  nerve 
impulse  to  pass  across,  so  that  if  its  usual  route 
were  interrupted  it  could  nevertheless  reach  the 
muscles.  It  is  not  to  be  imagined,  however,  that 
this    supplementary    action     is    develojDed    in    the 
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hioher  animals  as  a  constant  feature,  as  this  possible 
supplementation  of  function  is  only  to  be  obtained 
by  exercise  after  injury  has  befallen  the  organ.  To 
sum  up,  therefore,  unilaterality  of  representation 
prevails,  but  there  is  a  possibility  of  a  certain  degree 
of  bilaterality  becoming  developed. 
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You  will  now  have  grasped  the  salient  fact  that 
the  spinal  cord  throughout  the  vertebrata  acts  as  a 
conductor  of  impulses  to  the  brain,  which  we  call 
sensory,  or,  better,  afferent ;  and  also  from  the  brain, 
these  being  commonly  termed  motor,  more  properly 
ejferent ;  while  in  addition  the  gTey  matter  of  the 
spinal  cord  acts  as  a  centre  for  the  discharge  of 
simple  functions,  such  as  movement,  &c.  I  now 
have  to  go  further,  and  to  point  out  to  you  that 
besides  this  system  of  ganglionic  centres  and  nerve 
fibres,  there  are  additional  o-anoiia  in  connection 
with  the  nerves  that  enter  and  leave  the  spinal 
cord.  The  first  and  most  obvious  of  these  is  the 
ganglion  which  is  seated  on  the  posterior  root  of 
each  spinal  nerve,  and  which  I  showed  you  in  the  last 
lecture  (Fig.  26).  The  second  is  a  system  of  ganglia 
w^hich  are  united  together  apparently  by  a  chain 
of  fibres  linking  them  in  exactly  the  same  way  as  the 
ganglia  in  the  crayfish  are  connected  (Figs.  23,  28), 
These  form  what  is  called  the  S3niipathetic  system  or 
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Fig.  28. 


Dissection  of  the  trunk  laid  open  from  the  side.     Altered  from  Hirschfeld 
and  Leveille.    Nerves  shown  black. 
Sy  =  Sympathetic  chain.  r  —  Ribs  cut  across. 

SjJ  =  Splanchnic  branches  of  the     7-'  —  Vagus  supplying  stomach. 

same.  (''^'0- 

«'  =  Cervical  spinal  nerves.  (jn  =  Uppermost  sympathetic  gan- 

n"  =  Dorsal  spinal  nerves.  glion. 

n'"  =  Lumbar  spinal  nerves.  >Sk  =  Slun  and  fat. 

n""  —  Sacral  spinal  nerves.  Ht  =  Heart. 

V  =  Vagus  nerve,  tenth  cranial,    gs  =  Solar  plexus. 
5  =  Fifth  cranial  nerve.  /  =  Intestine. 
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chain,  because  it  was  formerly  believed  by  the  old 
anatomists  that  this  svstem  of  o-ano-lia  in  a  chain 
had  for  its  function  the  dutv  of  brinoino-  the  various 
organs  in  the  body  into  harmonious  correlation,  and 
they  built  upon  this  theory  a  whole  pathology  or 
explanation  of  diseases,  which  reached  its  acme  at 
the  begmning  of  the  century  in  the  teaching  of 
Abernethv,  but  which,  like  all  theories  not  founded 
on  experiment,  has  already  become  extinct.  We  know 
now  that  these  ganglia  have  a  distinct  relation  to  cer- 
tain fibres  which  leave  the  spinal  cord  and  which  are 
distributed  to  the  blood-vessels  and  to  the  viscera. 
As  regards  the  gross  position  of  these  ganglia,  you 
Avill  see  that  the  chain  stops  high  up,  at  the  base 
of  the  brain  in  the  skull,  the  branches  coming  into 
connection  with  the  efferent  cranial  nerves,  and  that 
it  then  runs  down  the  neck,  thorax,  and  abdo- 
men, receiving  fibres  from  the  spinal  cord  and 
giving  off  fibres  to  various  organs.  It  is  my  purpose 
to-day  to  speak  at  length  on  this  great  sympathetic 
system,  so  that  we  mav  dismiss  it  and  reserve  our 
time  for  the  discussion  of  infinitely  more  important 
parts  of  the  spinal  cord  and  the  bulb,  to  which  indeed 
the  sympathetic  system  is  but  an  appendage. 

As  you  saw  shown  in  the  frog,  in  Fig.  2  3  and  in 
Fig.  32,  taken  from  Gaskell's  work  on  the  dog,  the 
sympathetic  chain  appears  to  start  in  the  httle  ganglia 
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in  connection  with  the  third  and  fifth  cranial  nerves. 
You  furthei"  notice  issuing  from  the  spinal  cord  the 
anterior  and  posterior  roots  already  described  of 
each  spinal  nerve,  and  that  some  of  these  are  re- 
presented black  in  contrast  to  others  white. 
Those  coloured  black  include  the  small  medullated 
fibres  I  described  in  the  last  lecture,  and  most  of 
these,  after  they  have  come  into  contact  with  the 
sympathetic  ganglia,  lose  their  medullary  insulating 
sheath,  so  that  from  the  ganglion  they  issue  as 
series  of  branches  of  non-medullated  nerves.  Yet 
further,  you  see  that  some  of  the  branches  coloured 
black  escape,  as  it  were,  the  sympathetic  ganglia, 
and  run  forward  to  other  g'ano-lia  which  are  nearer 
the  viscera  to  which  they  will  subsequently  furnish 
fibres.  In  these  distal  ganglia  they  finally  lose 
their  medullated  sheath.  Consequently  we  find 
that  all  the  viscera  of  the  body  are  innervated  by 
nerve  fibres  which  leave  the  spinal  cord,  and  enter 
into  the  composition  of  ganglia  which  have  the  duty 
of  furnishing  branches  of  nerves  to  the  various 
organs.  Thus  it  matters  very  little  whether  the 
ganglia  happen  as  it  were  for  convenience  to  be 
arranged  in  a  chain  along  the  spinal  column,  or 
whether  they  are  situated  around  the  blood-vessels 
which  enter  into  the  various  organs,  and  hence  it  is 
that  their  mere  morphological  arrangement  is  more 
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a  matter  of  general  interest  than  a  revelation  of 
function.  It  now  remains  for  us  to  consider  in 
further  detail  their  structure  and  function.  As 
regards  the  structure,  that  differs  according  as  to 
whether  we  are  speaking  of  the  little  ganglion 
on  the  posterior  root  of  each  spinal  nerve,  or  of 
one  of  the  ganglia  which  forms  part  of  the  so- 
called  sympathetic  system.  It  will  perhaps  be 
more  convenient  to  deal  first  with  the  former  of 
these. 


Structure  of  the  Spinal  Ganglion  on  Posterior  Root. 

The  nerve  fibres  that  run  up  a  nerve  and,  arranged 
in  bundles  (see  Fig.  29),  enter  into  the  composition 
of  the  posterior  root,  are  medullated  nerve  fibres ; 
they  run  through  the  ganglion,  and,  with  very 
few  exceptions,  enter  into  conjunction  with  the 
ganglion  cells.  Now  this  conjunction  with  nerve 
cells  in  the  spinal  root  ganglia  is  very  interesting 
and  curious.  We  have  seen  that  in  the  lower 
animals  a  nerve  fibre  entered  a  ganglion  cell  and 
left  it  by  one  or  more  branches.  But  with  the  gan- 
glion cell  in  the  posterior  root  of  higher  vertebrated 
animals  it  is  quite  otherwise ;  in  this  case  the  nerve 
fibre  runs  through  the  ganglion  and  gives  off  a 
branch  at  right  angles  to  its   course,  this  branch 
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Fig.  29. 


J- 

Marginal  view  of  the  Gasserian  ganglion  on  the  fifth  cranial  nerve. — 
Bov.rgery  and  Jacob. 
A  =  Third  cranial  nerve. 
B  =  Fourth     „ 

C  =  Carotid  arterr  with  sympathetic  plexus  upon  it. 
iS  =  Sympathetic  nerve  plexus  on  carotid. 
J^  =  Sixth  cranial  nerve. 
-F  =  Trunk  of  fifth  nerve,  sensoiy  root. 
G  —  Branches  supplying  the  dura  mater. 
S] 

I    -   The  three  divisions  of  the  ner^"e. 
•/  ) 
K  =  Substance  of  ganglion.     Situation  of  nerve  corpuscles. 
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passing  into  a  nerve  cell  in  which  it  terminates. 
This  arrangement  is  commonly  spoken  of  as  a 
T-shaped  junction,  and  is  an  anatomical  structure 
of  much  interest,  for  it  is  very  difficult  for  us  with 
our  present  views  of  nerve  function  to  understand 
what  it  means ;  whether  there  is  some  distinct 
storing  up  in  the  nerve  cell  of  nerve  impulses,  or 
whether,  as  du  Bois  Keymond  originally  suggested, 
the  nerve  cell  under  these  circumstances  acts  like 

Fig.  30.    (His.) 


an  electrical  relay.  This  peculiar  relation  of  a  nerve 
cell  to  the  side  of  a  nerve  fibre  belongs,  so  far  as  we 
are  aware,  only  to  this  special  system  of  ganglia, 
but  its  importance  is  shown  by  the  researches  of 
His,  who  discovered  that  in  its  development  the 
nerve  cell  appeared  as  a  local  swelling  on  the  side  of 
the  fibre,  as  is  shown  in  Fig.  30,  which  is  from  a 
photograph  of  one  of  His's  drawings.  The  structure 
therefore  of  a  spinal  ganglion — that  is,  the  ganglion 
on  the  root  of  every  nerve — is  something  quite 
special,  and  deserves  to  be  considered  apart. 
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Function  of  the  Spinal  Ganglion  on  the  Posterior 
Root  of  a  Sjnnal  Nerve. 

Of  the  actual  function  of  this  remarkable  arranoe- 

o 

ment  of  nerve  cells  on  the  posterior  roots  of  the  spinal 
nerves,  I  cannot,  unfortunately,  tell  you  much,  al- 
though a  certain  amount  of  physiological  research  has 
been  expended  on  this  very  question.  The  investiga- 
tions of  du  Bois  Keymond,  who  employed  the  method 
he  had  discovered,  and  which  I  mentioned  to  you  in 
the  last  lecture — viz.,  that  of  finding  out,  whether  a 
nerve  impulse  was  or  was  not  passing  along  a  nerve 
fibre,  by  means  of  noting  the  presence  or  absence 
respectively  of  the  electrical  change  which  he  had 
previously  found  always  to  accompany  such  passages 
of  impulses  — led  him  to  test  the  spinal  ganglion  by 
the  following  means.  Du  Bois  Pveymond  observed 
that  if  he  excited  a  nerve  root  above  the  ganglion,  as 
shown  in  the  accompanying  diagram  (Fig.  31),  and 
connected  the  lower  end  of  the  nerve  with  the  gal- 
vanometer, that  the  latter  instrument  revealed  the 
existence  of  the  excitatory  change  in  the  part  of  the 
nerve  beyond  the  ganglia;  the  impulse  must,  there- 
fore, have  passed  backwards  through  the  ganglion. 
The  next  important  observation  was  made  by  Exner, 
who  discovered  by  means  of  a  particular  method 
which  I  need  not  describe  to  you,  as  it  would  take 
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more  time  than  the  point  is  worth,  that  apparently 
this  passage  of  the  nerve  impulse  was  not  attended 
by  any  extra  loss  of  time,  such  as  might  have  been 
expected  to  follow  had  the  impulse  first  to  leave  the 
nerve  fibre,  then  pass  into  a  nerve  cell,  and  out  again 
into  a  nerve  fibre.  It  is  possible,  however,  that 
Exner's  method  only  revealed  the  fact  that  the  arti- 
ficial excitation  of  the  nerve  fibres  was  propagated 
directly  along  the  protoplasmic  axis  in  the  direct 
line  of  the  nerve,  and  that  it  did  not  reveal  what 
went  on  in  the  little  T-shaped  branches  that  went 
off  from  the  nerve  cells  or  in  the  nerve  cells 
themselves.  That  this  is  more  than  likely  is  shown 
by  the  investigations  of  Gad  and  Joseph,  who  dis- 
covered that  in  the  system  of  peripheral  ganglia 
there  is  a  distinct  loss  of  time  as  the  impulses 
pass  through.  They  arrived  at  this  conclusion 
by  experimenting  on  the  vagus  nerve  in  the 
rabbit.  The  vagfus  nerve  in  this  animal  exhibits  a 
large  ganglion  soon  after  it  leaves  the  medulla 
oblongata.  That  part  of  the  spinal  cord  is,  as 
already  suggested,  connected  with  various  important 
functions  of  the  body — viz,  the  action  of  the  heart 
and  respiration.  For  the  present  we  are  concerned 
only  with  the  latter.  When  the  central — z",e.,the 
upper  or  brain  end  of  the  vagus  nerve — is  stimulated, 
it  is  found  that  the  breathing  is  immediately  altered. 
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The  period  of  time  whicli  intervenes  between  this 
centripetal  excitation,  and  tlie 
production  of  the  effect,  is  the 
total  amount  expended  in  the 
passage  of  the  excitatory  condi- 
tion or  impulse  to  the  centre  in 
the  medulla  and  down  to  the  res- 
piratory muscles.  By  eliminating 
the  period  lost  in  mere  conduction 
in  the  fibres,  and  by  applying  the 
excitation  first  on  the  distal  side 
of  the  ganglion  and  then  on  the 
proximal  (at^  and  Z  respectively) 
it  was  easy  to  find  the  difference 
in  time,  and  this  difference  these 
authors  found  to  be  about  —o-o-o  sec. 
This  loss  of  time,  however,  cannot 
be  accepted  as  finally  deciding  the 
point,  inasmuch  as  several  side 
issues  make  it  difiicult  to  deter- 
mine the  exact  influence  of  the 
excitation  (Fig.  3 1 ).  There  re- 
mains now  only  one  further 
point  concerning  the  functions 
of  these  ganglia,  and  about  which 
we  are  in  no  doubt.  It  is  a  most  important  func- 
tion,   and   one  which  we  shall  see  is  exercised   to 


Vagus  ganglion  in 
the  rabbit. —  Gad  ami 
Joseph. 

The  upper  end  of 
the  figure  is  the  cen- 
tral end  of  the  nerve  ; 
consequently  all  im- 
pulses aroused  bj  ex- 
citing the  nerve  at  p 
must  pass  through  the 
ganglion,  which  is  the 
swelling  on  the  trunk. 


LECT.  V.  OF  THE   NERVOUS   SYSTEM.  113 

an  enormous  extent  by  the  nerve  cells  of  the  spinal 
cord.  This  is  the  dutv  of  maintainingf  the  nutrition 
of  the  nerve  fibres  with  which  the  pfanoflion  is 
in  connection.  If,  for  instance,  the  nerve  root  be 
divided  on  the  spinal  cord  side  of  the  ganglion, 
it  is  found  that  almost  all  the  nerve  fibres  which 
pass  into  the  spinal  cord  degenerate  and  waste 
away  simply  because  they  are  no  longer  in  con- 
nection with  the  ganglion  cells.  Now  it  is  very 
difficult  for  us  to  imagine  what  the  nature  of  this 
influence  which  the  ganglion  cell  exerts  upon  the 
nerve  fibres  can  possibly  be,  but  the  fact  remains, 
and  we  may  perhaps  more  profitably  postpone  its 
discussion  until  we  shall  subsequently  see  its  greater 
development  in  the  spinal  cord. 

Structure  and  Ari^ange'inent  of  the  Ganglia  of  the 
Sympathetic  System. 

I  cannot  give  you  all  the  details — that  is,  enume- 
rate to  you  all  the  branches  and  nerve  centres  in  the 
sympathetic  system — that  would  be  beyond  the  scope 
of  this  present  course  ;  and,  moreover,  the  fact  can 
be  easily  learned  by  reference  to  any  text-book  on 
anatomy  ;  but  I  want  to  emphasise  a  few  general 
points  which  we  owe  to  the  keen  insight  of 
Gaskell.       The    first    is     that    every    spinal    nerve 

H 
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practically  may  be  considered  to  arise,  whether  from 
the  base  of  the  brain  or  from  the  spinal  cord,  Ijy  two 
sets  of  fibres,  not  merely  arranged  in  anterior  and 
posterior  roots,  as  they  appear  to  the  naked  eve,  but 
somatic  and  splanchnic ;  or,  in  other  words,  supplying 
the  body  structures — i.e.,  bones,  muscles,  skin,  &c. — 
on  the  one  hand ;  and  the  viscera — i.e.,  heart  and 
blood-vessels,  alimentary  canal,  &c. — on  the  other ; 
further,  that  where  the  splanchnic  function  has  to  be 
subserved,  there  the  fibres  which  leave  the  spinal  cord 
must  pass  through  a  peripheral  ganglion,  as  I  have 
already  stated.  The  situation  of  these  peripheral 
ganglia  under  this  view  therefore  becomes  a  point  of 
great  interest,  and  we  find  that  they  are  grouped 
together  and  in  such  proportion  as  will  provide  for 
the  concomitant  number  and  size  of  the  viscera  to 
be  supplied.  Thus,  while  in  the  neck  there  is  no 
passing  out  of  fibres  from  the  spinal  cord  to  join  the 
so-called  sympathetic  system,  to  be  found  to  any 
great  extent,  there  is  an  outflow  of  such  fibres  above 
through  some  of  the  cranial  nerves,  and  most  espe- 
cially naturally  the  nerve  which  we  call  the  vagus, 
and  which  passes  down  through  the  body  to  inner- 
vate the  most  important  viscera,  not  only  those 
of  the  heart  and  lungs,  but  also  even  the  liver, 
stomach,  &c.  Intermediately  in  the  neck,  where 
there  are  no  viscera  except  the  air  tube  or  trachea. 
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the  food  tube  or  gullet,  and  main  trunk  blood- 
vessels, it  is  easy  to  understand,  according  to  the 
views  we  have  just  enunciated,  why  these  fibres 
should  be  in  insignificant  proportion  ;  whereas,  as 
soon  as  we  come  opposite  the  thoracic  portion 
of  the  spinal  cord,  more  of  these  fibres  pour  out 
to  supply  both  the  various  organs  according  to 
their  proximity,  and  distal  parts  as  well.  In  this 
diagi-am  (Fig.  32),  we  see  all  these  points  illus- 
trated very  clearly,  and  the  relative  development 
of  these  nerves  and  ganglia.  Although  it  is  not 
possible  to  describe  the  special  nerve  supply  of  all 
the  different  viscera  or  organs  of  the  body,  still  I 
wish  to  allude  to  that  of  the  heart  and  blood-vessels, 
inasmuch  as  not  only  has  the  relation  of  the  action 
of  the  heart  to  disturbance  of  the  nervous  system 
always  attracted  attention  from  the  time  of  Plato, 
but  because  of  recent  years  much  has  been  accom- 
plished scientifically  in  advancing  our  knowledge  in 
this  direction. 

Since  the  iimnense  discovery  by  Claude  Bernard 
of  the  so-called  vaso-motor  system  of  nerves — that  is 
to  say,  the  arrangement  of  nerve  fibres  which  con- 
trols the  calibre  of  the  blood-vessels — to  recent  time, 
when  Gaskell  especially  has  added  to  the  facts 
which  explain  how  changes  in  the  beat  of  the  heart 
can  be  induced,  there  has  always  been  a  large  field  for 
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Acc- 


further  exploration  open.     It  is  my  purpose,  however, 

only  to  touch  upon  one  point,  to  illustrate  to  you  more 

completely,  what  influence  the  nervous  system  exerts 

upon  the  blood  circulatory  apparatus.     The  vagus 

nerve,     of     which     I 

Fig.  33. 
spoke    just    now     as 

acting  as  the  medium 
of  impulses  which 
leave  the  medulla  and 
influence  the  heart- 
beat, is  the  example 
I  choose.  In  the  frog" 
it  is  easy  to  observe 
this,  since  we  can  in 
the  anaesthetised  ani- 
mal remove  the  cere- 
bral hemispheres,  so 
that  it  can  unques- 
tionably have  no  con- 
sciousness of  pain.  If 
then  the  heart  be 
exposed  and  gently 
raised,  as  shown  in 
the  drawing  (Fig.  33),  the  vagus  nerve  running  down 
to  supply  it  is  also  visible,  and  the  special  branch  of 
it  which  ramifies  over  the  base  and  side  of  the  organ 
to  reach  little  peripheral  ganglia  in  the  substance  of 


The  distribution  of  the  vagus  nerve  to 
the  heart  and  lung. — Eclcer. 
hy  —  Hyoid  bone. 
V  —  Ventricle  of  heart. 
Au  =  Auricle  of  heart. 
Vg  =  Vagus  nerve. 
6  =  Branches  to  lung,  &c. 
L  =  The  lung. 
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the  heart  muscles.  If  we  now  apply  an  electrical 
current  to  the  vacnis  nerve  to  excite  it,  we  find  that 
it  exerts  a  marvellous  effect  on  the  heart-beat,  slow- 
ing it,  and  even  arresting  it  altogether,  as  you  see, 
and  as  is  shown  also  by  causing  the  thread,  holding 
the  end  of  the  heart,  to  move  a  lever,  which  writes 
by  a  point  on  a  smoke-blackened  moving  surface  so 
that  we  obtain  a  record  defininof  the  moment  when 
the  heart's  movements  are  arrested.  Similarly  it  can 
be  shown  that  the  medulla  oblong-ata  is  the  station 
■par  excellence  for  the  impulses  which  alter  tlie 
calibre  of  the  blood-vessels  and  cause  them  to  con- 
tract (pallor),  or  to  dilate  (flush).  These  vascular 
nerve  impulses  pass  down  the  cord  and  out  by  the 
roots  of  the  spinal  nerves,  to  be  distributed  with  the 
peripheral  branches  of  the  sympathetic  system  so 
called. 

These  two  examples  will  suffice  to  illustrate  the 
existence  of  nerves  which  o-overn  the  org-ans  and 
blood-vessels  of  the  body.  We  are  now  in  a  position 
to  discuss  the  minuter  structure  of  this  great 
sympathetic  system,  as  it  is  called,  and  later  to 
briefly  examine  the  experimental  results  by  means 
of  which  its  function  has  been  elucidated. 
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Minute  Structure  of  the  Ganglia  of  the 
Sympathetic  System, 

The  structure  of  one  of  these  peripheral  gangHa, 
or  sympathetic  gangha,  is  very  different  from  that  of 
the  spinal  ganglion  just  described.  As  you  see  in 
the  beautiful  drawings  by  Key  and  Retzius,  the 
nerve  cells  of  a  sympathetic  ganglion  are  not 
in  connection  with  the  nerve  fibres  by  T-shaped 
branches  of  the  latter,  but,  on  the  contrary,  they  are 
many  branched,  or,  as  we  more  commonly  term 
them,  multipolar,  and  of  these  numerous  branches, 
no  doubt  one  or  more  are  in  connection  with  the 
nerve  fibres,  while  the  others  for  aught  we  know 
are  in  more  or  less  intimate  connection  with  their 
neighbours  in  the  ganglion.  You  thus  see  at  once 
that  in  one  of  these  peripheral  ganglia,  the  con- 
dition of  affairs  is  quite  different  from  that  which 
prevails  in  the  ganglion  of  the  posterior  root  of  a 
spinal  nerve  ;  in  that  case  we  had  a  through  nerve 
path,  upon  the  channel  of  which  the  nerve  cell  was, 
as  it  were,  simply  superadded ;  whereas  in  the 
present  case  the  nerve  fibres  appear  to  terminate  in 
the  nerve  cell,  from  which  other  fibres  take  origin, 
but  in  what  way  does  not  appear  quite  definite. 
Putting  it  in  another  way,  in  the  case  of  the  peri- 
pheral or  sympathetic  ganglion,  there  appears  to  be 
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a  structural  block  in  the  course  of  the  nerve  fibre, 
by  reason  of  the  interposition  of  a  cell,  whereas  in  a 
spinal  ganglion  the  cell  is  not  situated  in  the  main 
line  as  it  were,  but  on  a  branch  line.  The  physiology 
of  these  ganglia,  which  we  shall  now  considei-,  tells 
exactly  the  same  story.  I  have  already  alluded  to 
the  observations  of  Gad  and  Joseph,  which  show 
that  the  peripheral  ganglion  on  the  vagus  in 
the  rabbit  is  a  distinct  seat  of  delav  to  impulses 
ascending  that  nerve  and  ultimately  affecting  the 
respiratory  centre.  This  delay  is  very  interesting, 
and  very  valuable  work,  but  of  a  different  kind,  has 
been  done  upon  these  ganglia  in  this  country  by 
Messrs.  Langley  and  Dickinson.  These  authors 
discovered  that  if  a  solution  of  nicotin  be  taken 
(and  as  weak  a  solution  as  i  per  cent,  suffices),  this 
very  powerful  nerve  poison  acts  quite  differently 
upon  the  elements  which  compose  the  ganglia  ;  thus, 
for  example,  it  at  first  paralyses  the  nerve  cells, 
but  leaves  the  nerve  fibres  unaffected.  This  very 
remarkable  discovery  was  brought  about  in  the 
following  way.  Among  the  many  duties  which  the 
nerves  that  leave  the  spinal  cord  and  enter  these 
peripheral  ganglia  have  to  perform,  there  is  one 
which  is  very  easy  of  observation,  and  therefore 
extremely  useful  as  an  index.  I  refer  to  dilata- 
tion of  the  pupil  of  the  eye.     If,  in  an  animal  that 
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has  been  rendered  unconscious  with  chloroform  or 
ether,  the  neck  portion  of  the  sympathetic  chain 
below  the  chief  ganglion  (the  superior)  be  exposed, 
and  then  stimulated  with  an  electric  current,  it 
is  found  that  the  pupil,  which  is  supplied  by  the 
branches  of  this  portion  of  the  system,  actively 
dilates ;  whereas  if  the  ganglion  into  which  the 
chain  of  fibres  passes,  be  painted,  even  once  only, 
with  the  solution  of  nicotin,  excitation  of  the  nerve 
does  not  produce  the  slightest  effect.  That  it 
is  the  specific  action  of  the  poison  upon  the  nerve 
cells  and  not  upon  the  nerve  fibres,  is  shown 
by  the  further  discovery  of  these  gentlemen  that 
the  nerve  fibres  will  endure  being  painted  with  a 
nicotin  solution  without  this  interfering"  with  their 
conductivity.  The  employment  of  this  method  has 
enabled  these  writers  to  discover  what  hitherto  was 
absolutely  unknown,  and  what  indeed  there  was  no 
immediate  likelihood  that  it  should  be  known,  and 
this  was  that  the  block  which  I  have  just  spoken  of 
does  actually  occur  in  a  peripheral  ganglion.  Thus, 
for  example,  there  are  fibres  the  excitation  of  which 
prevents  movements  of  the  stomach  and  allied 
organs,  and  the  fact  that  the  application  of  nicotin  to 
the  ganglion  entirely  abolishes  this  function,  and  that 
it  does  not  interfere  with  the  conductivity  of  nerve 
fibres,  shows  us  that  the  nerve  cells  of  the  peripheral 
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ganglia  {in  this  case  of  the  solar  plexus,  see  Fig.  28) 
are  places  in  which  the  nerve  fibre  absolutely  stops, 
and  that  the  nerve  cell  is  capable  of  supplementing, 
or  even  greatly  altering,  the  original  impulses  which 
may  have  left  the  spinal  cord. 

Finally,  there  is  a  point,  which  I  have  already 
mentioned,  that  is  entirely  in  harmony  with  these 
observations.  You  will  doubtless  remember  that  in 
the  last  lecture  I  described  to  you  how  that  the 
nerve  fibres  which  left  the  spinal  cord,  and  ultimately 
ran  into  these  peripheral  ganglia  of  the  so-called 
sympathetic  system,  after  they  had  entered  the 
o-ano'lion,  in  each  case  lost  their  insulatino-  sheath. 
This  anatomical  fact  suggests  most  strongly  that 
the  medullated  fibre  terminates  its  course  in  the 
nerve  cell. 

I  now  come  to  another  division  of  the  function  of 
this  so-called  sympathetic,  but  simply  peripheral 
system,  ^^■hich  is  a  very  interesting  question  physio- 
logically, but  upon  which  extremely  little  research 
has  been  expended,  although  it  would  make  a  good 
field  for  further  investig-ation — I  refer  to  the  con- 
duction  of  afferent — i.e.,  so-called  sensory — impulses 
from  the  viscera  throuofh  these  nerve  fibres  and 
peripheral  ganglia.  We  are  all  aware  that  under 
ordinary  circumstances — that  is  to  say,  of  health — 
we  are  not  conscious  of  ^rhat  is  going  on,  to  use  a 
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popular  phrase,  inside  us,  but  that  as  soon  as  the 
parts  become  hyper-sensitive  by  reason  of  being- 
inflamed  or  injured,  then  we  are  conscious  of  what 
we  call  pain.  Even  then  the  important  principle  of 
localisation  does  not  come  into  play.  We  are  only 
very  vaguely  aware  of  the  position  of  the  part  that 
is  in  trouble,  and  very  often  this  information  is  only 
gained  in  consequence  of  some  portion  of  the  body 
wall  being  also  affected,  and  by  this  means  somatic  as 
well  as  splanchnic  nerves  being  excited.  It  is  a 
tempting  subject  to  sj)eculate  upon,  this  very  remark- 
able absence  of  afferent  impressions  in  general,  and 
especially  of  localised  afferent  impressions,  from  the 
viscera,  and  to  bring  that  point  into  relation  with  the 
anatomical  fact  of  the  nerve  fibres  supplying  these 
parts  being  deprived  of  the  medullary  or  insulating- 
sheath.  It  is  conceivable  that  nerve  energy,  like 
other  forms  of  physical  energy,  may  depend  for  its 
more  perfect  conduction  on  physical  conditions  similar 
to  those  which  determine  or  not  the  correct  trans- 
mission of  electrical  force.  However  that  may  be,  the 
truth  remains  that  the  brain,  in  the  highest  animals, 
does  not  receive  sufficient  afferent  impressions  from 
these  peripheral  ganglia  to  enable  it  to  form  any  con- 
scious idea  of  what  is  passing  in  the  structures  beyond. 
I  particularly  mentioned  the  highest  animals,  because 
we  must  be  very  cautious  upon  this  point  as  regards 
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the  lower  genera,  even  the  carnivora,  since  in  them 
we  find  that,  over  a  considerable  extent  of  the 
folds  of  membrane  which  support  the  abdominal 
viscera,  the  most  highly  organised  nerve-endings 
and  fibres  exist,  such  as  are  found  in  the  most 
sensitive  parts  of  the  fingers.  It  would  seem  there- 
fore that  these  animals  have  thus  a  distinct 
mechanism  for  the  appreciation  at  least  of  the 
position  of  the  viscera,  though  whether  that  appre- 
ciation is  actually  a  conscious  perception  or  even 
recept — that  is  to  say,  whether  the  cortex  of  the 
cerebral  hemispheres  is  aroused  or  not — we  are  quite 
unable  to  express  any  opinion,  or  whether  indeed 
it  may  not  be  that  the  impulses  pass  no  higher 
than  the  simple  reflex  centres  in  the  spinal  cord. 

To  sum  up  the  use  and  meaning  of  the  sympa- 
thetic system  and  series  of  ganglia.  We  see  that, 
although  apparently  separated  from  the  central 
nervous  system,  it  is  only  a  specially  arranged 
portion  of  the  peripheral  distribution  of  the  nerve 
fibres  branching  from  the  brain  and  spinal  cord,  and 
further  that  its  ganglia  are  but  peripheral  stations 
on  these  fibres. 

It  is  certain,  of  course,  that  impulses  are  con- 
stantly ascending  from  the  viscera  along  these 
channels  to  gain  the  nerve  centres,  and  therein 
set  up  responsive   or  reflex   processes   which    issue 
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forth  especially  from  the  cord,  and  the  effect  of 
these  is  movement — i.e.,  contraction  or  dilatation 
of  the  organ  or  of  the  blood-vessels  within  it. 

I  intend  next  to  describe  the  general  functions  of 
nerve  cells  and  fibres  when  these  are  in  an  exci- 
tatory condition,  inasmuch  as  it  is  impossible  other- 
wise to  grasp  fully  the  connection  between  function 
and  structure,  such  as  it  is  the  object  of  these 
lectures  to  demonstrate,  in  the  spinal  cord  and  ulti- 
mately in  the  brain. 

To  effect  this  object  we  shall  be  quite  justified 
in  proceeding  to  speak  generally  of  the  functions 
both  of  nerve  fibres  and  of  nerve  cells,  while  using 
as  our  illustrations  the  simple  tissues  of  the  frog 
for  the  most  part,  because  not  only  are  these  the 
more  easily  treated  and  examined  in  the  living 
state  without  inconvenience,  but  also  because  in 
their  essentials  (principles,  see  Lect.  IV.,  commence- 
ment) the  phenomena  they  exhibit  do  not  differ 
from  those  produced  by  the  same  tissues  of  higher 
animals. 

However  simple  it  might  appear,  the  task  I  am 
now  setting  myself  is  not  an  easy  one  ;  for  we  have 
not  the  precise  knowledge  of  nerve  energy  which  is 
really  requisite  for  the  purposes  of  differentiation  of 
function. 

In  fact,  as  regards  nerve  energy  itself,  we  have 
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scarcely  advanced  beyond  the  theoretical  position 
taken  up  by  Newton  two  hundred  years  ago,  and 
which  I  quoted  to  you — viz.,  that  it  exists  in 
the  form  of  vibrations  affecting  the  molecular 
structure  of  the  protoplasmic  core  of  nerve  fibres. 
We  have,  in  fact,  only  proceeded  as  far  as  the 
determination  of  two  facts,  to  which  also  I  have 
already  alluded— viz.  : 

( 1 )  The  rate  of  transmission  of  such  vibration, 

(2)  The  electrical  change  which  is  the  accompani- 
ment of  such  transmission. 

There  are,  however,  certain  general  physiological 
laws  upon  the  subject  which  are  well  understood, 
and  which  condition  the  functional  activity  of 
nerve  centres  and  fibres.  We  shall  therefore,  with 
additional  advantage,  combine  together  the  con- 
sideration of  all  these  points. 
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LECTUEE  YI. 

Having  reviewed  the  o-eneral  arrano-ement  and 
relations  of  the  spinal  cord  and  ganglia,  and  having 
seen  that  the  spinal  cord  acts  as  a  conductor  of 
nerve  impulses  as  well  as  an  originator  of  them,  in 
obedience  to  certain  definite  laws  ;  and  having  seen, 
further,  that  the  apparatus  which  fulfils  this  latter 
function  is  a-ano-lionic  structure  situated  in  the 
substance  of  the  cord  around  the  central  canal, 
we  cannot  dwell  further  on  its  minute  arrangement 
without  discussing^  in  considerable  detail  certain 
general  principles  which  underlie  the  functional 
activity  of  nerve  fibres  and  nerve  cells.  Investi- 
gation of  the  structure  of  the  spinal  cord  more 
especially,  therefore,  has  been  conducted  on  the 
two  lines  :  (a)  anatomical,  (b)  physiological.  And 
while  both  methods  are  very  fruitful  in  results, 
it  is  the  latter  of  the  two  that  has  really  furnished 
us  with  the  most  definite  knowledge  of  the  intricate 
action  of  the  spinal  centres,  although  frequently 
enoug-h  the  information  it  g-ives  us  is  verv  difiicult 
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of  interpretation,   and  may  even   appear  contradic- 
tory.* 

During  the  last  three  years  a  fresh  method  of 
investigation  by  Mr.  Gotch  and  myself  has,  I  hope, 
partly  relieved  us  of  this  difficulty,  and  I  wish  to-day 
to  explain  to  you  the  general  application  of  this 
method,  after  we  have  seen  the  principles  accord- 
ino[-  to  which  the  conduction  in  nerve  fibre  is 
carried  on. 

We  will  begin,  therefore,  with  the  conductivity 
of  nerve  fibres.  Now  the  first  point  we  have  to 
remember  is  that  the  nerve  fibre  from  the  time  of 
its  complete  development  is  a  single  strand  of  pro- 
toplasm, which  may  or  may  not  be  covered  with  an 
insulatinof  or  medullated  sheath.  This  strand  of 
protoplasm  presents  in  the  living  condition,  as  well 
as  after  it  has  been  variously  treated  so  as  to 
exhibit  more  clearly  the  details  of  its  structure,  a 
delicately  fibrillated  appearance,  the  fibrils  running 
longitudinally.  So  far  as  we  know  the  structure 
of  the  protoplasm,  it  is  probably  identical  with  that 


*  Upon  the  latter  point — namely,  the  apparent  contradiction  of  experi- 
mental results — I  would  only  refer  to  what  1  said  before — viz.,  that  the 
great  difficulty,  especially  in  examining  the  spinal  cord,  is  to  differentiate 
between  the  functional  activity  of  mere  fibres  as  contrasted  with  that  of 
nerve  cells,  the  difficulty  being  also  greatly  increased  by  the  latter  structures 
communicating  with  the  former.  Any  seeming  contradiction  arises  from 
this  cause,  and  will  doubtless  ultimately  be  satisfactorily  explained. 
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of  the  protoplasm  of  lower  kinds,  with  such  even 
as  that  of  the  white  blood  corpuscles — namely,  that 
it  consists  of  a  kind  of  firmer  skeleton  or  framework, 
and  a  softer  semi-fluid  or  viscous  substance,  which 
is  contained  in  the  meshes  of  the  skeletal  network. 
In  the  case  of  the  nerve  fibre,  just  as  in  the  case  of 
nerve  cells,  the  skeletal  framework  may  probably  be 
the  fibrillar  structure  before  referred  to.  It  is  very 
interesting  to  see  at  any  rate  that  the  protoplasm 
of  a  nerve  conductor  has  a  distinctly  longitudinal 
arrangement,  which,  it  is  not  going  too  far  to  sug- 
gest, may,  by  virtue  of  this  fact,  be  more  adapted 
to  the  polarisation  of  its  molecules  for  the  better 
transmission  of  nerve  impulses. 

This  being  the  nature  of  the  structure,  we  will 
proceed  to  investigate  the  circumstances  which  more 
particularly  condition  its  capability  of  conduction 
and  its  excitability,  or,  in  other  words,  the  ease  with 
which  it  can  be  aroused.  Various  physical  and 
chemical  agencies  improve  its  conducting  power,  or 
at  any  rate  appear  to  do  so ;  I  make  this  latter 
reservation,  because  the  exact  interpretation  of 
physiological  experiment  necessarily  becomes  to  a 
certain  degree  modified  by  the  advance  of  science 
and  the  accumulation  of  more  experimental  work ; 
in  short,  therefore,  by  more  knowledge  of  the  sub- 
ject.    A  good  example  of  this   is   the  experiment 
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upon  the  influence  of  heat,  as  I  will  now  demonstrate 
before  you.  Warmth  naturally  is  always  conceived 
to  be  an  encouragement  to  the  functional  activity  of 
protoplasm,  but  it  is  not  quite  certain  as  to  how  far 
this  simple  interpretation  of  its  influence  is  correct, 
or  whether,  in  these  particular  experiments,  the  heat 
does  not  materially  modify  the  resistance  of  the 
nerve  tissue  to  the  excitation.  In  this  preparation 
you  observe  that  the  nerve  passing  into  the  muscle 
is  laid  upon  two  pieces  of  wire,  or  electrodes  as  we 
call  them,  which  are  connected  with  an  induction  coil 
that  is  served  by  a  battery.  When  the  current, 
thus  obtained  as  a  series  of  shocks  from  the  induction 
coil,  is  thrown  into  the  nerve,  its  strength  can  be  so 
adjusted  as  to  be  ineflicient  to  cause  the  muscle  to 
contract — that  is  to  say,  it  is  what  we  call  a  sub- 
minimal stimulus,  because  the  excitation  is  just  unable 
to  arouse  the  nerve  sufliciently  to  cause  an  impulse 
to  pass  down  to  the  muscle  and  make  it  contract. 
If  now,  however,  while  we  are  sending  these  in- 
eflective  shocks  into  the  nerve,  we  bring  near  the 
latter  a  heated  bar  of  metal,  so  that  the  radiation 
from  the  bar  should  gently  warm  the  fibres,  we 
see  that  the  muscle  instantly  contracts,  showing 
that  owing  to  the  heightened  activity  (?  diminished 
resistance)  of  the  nerve  fibres,  the  stimulus  which 
was  before  inadequate,  is   now    equal   to    its   task. 
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In  the  same  way  cold  effects  a  converse  influence*" 
— namely,  it  diminishes  the  conducting  power 
(?  increases  the  resistance)  of  the  nerve. 

The  next  point  respecting  the  conductivity  of 
the  nerve  fibres  is  one  the  meaning  of  which  is  not 
yet  fully  understood,  and  which  depends  upon  the 
anatomical  relations  of  the  fibres.  Thus  it  has  been 
shown  that  if  we  take  the  spinal  nerves  as  they 
issue  from  the  spinal  cord,  and  if  we  test  them  at 
various  points  in  their  course,  we  shall  find,  as 
Heidenhain  and  Bernstein  did,  that  they  are  more 
easily  excited  the  nearer  they  are  to  the  spinal 
cord — i.e.,  to  the  nerve  centres;  and  we  shall  see 
later  that  there  is  other  evidence  of  the  same  thing 
— namely,  an  increased  activity  apparently  of  the 
nerve  fibres  the  closer  we  are  to  their  junctions  with 
nerve  cells. 

Another  mode  in  which  the  conductivity  of  nerve 
fibres  is  greatly  influenced  by  external  physical 
means,  is  that  of  sending  a  constant  electrical  cur- 
rent streaming  along  the  protoplasm  of  the  cores 
of  the  nerve  fibres.  This  operation  throws  them 
into  a  state  which  is  called  electrotonus,  and,  ac- 
cording to  the  directions  of  the  polarising  cur- 
rent  which   is  thus    sent  into   the   nerve,  greatly 

*  Except  in  the  special  case  of  cold  directly  applied  to  a  nerve  trunk. 
Cf.  Gotch  :  "Proceedings  of  the  Physiological  Society,"  1891. 
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modifies  its  conductivity  or  excitability,  favour- 
ably or  unfavourably.  So  easily  is  this  brought 
about,  that  if  when  one  nerve  is  excited,  and 
consequently  its  electrical  condition  altered,  it 
be  placed  close  alongside  of  another,  it  will  induce 
the  same  condition  of  electrotonus  in  its  neighbour, 
and  so  arouse  nerve  impulses  in  the  second  nerve, 
and  cause  any  muscle  in  connection  with  it  to  con- 
tract. The  most  striking  experiment  which  illus- 
trates this  remarkable  fact,  and  which  has  proved 
useful  in  nerve  physiology,  was  termed  by  its 
discoverer,  du  Bois  Reymond,  "  secondary  tetanus." 
The  arrangement  of  the  experiment  is  extremely 
simple.  Placed  horizontally,  is  a  muscle  with  its 
nerve  depending  from  it,  then  above  this  muscle 
is  another  similarly  placed  with  its  nerve  also 
hanging  downward,  but  laid  upon  the  mus- 
cular substance  of  the  first  preparation.  If  now 
the  first  muscle  be  made  to  contract  by  stimulating 
its  nerve,  the  second  muscle  will  also  immediately 
do  so,  because  the  electrotonic  state  of  the  first  pre- 
paration has  been  communicated  to  the  nerve  of  the 
second. 

Lastly,  as  regards  conduction,  I  need  only  add 
that,  so  far  as  we  know,  if  a  nerve  impulse  be 
generated  in  the  middle  of  the  course  of  a  nerve 
fibre  by  suitably  localised  excitation,  it  travels  both 
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ways  along  the  nerve  fibre — that  is  to  say,  up 
and  down.  This  is  very  important,  for  although 
we  have  little  doubt  that  as  a  rule  impulses  are  in 
the  habit  of  only  ascending  or  descending  nerve 
fibres,  it  is  nevertheless  quite  clear  that  they  can 
go  either  way  in  conductors  if  necessary.  More 
than  this  we  do  not  know,  and  it  is  a  great  pity 
that  further  investigation  is  hardly  possible  as  yet, 
for  it  would  be  most  interesting  to  ascertain  whether 
a  nerve  fibre  is  capable,  like  a  telegraph  wire,  of 
having  sent  along  it  simultaneously  several  difi^erent 
messages,  provided  suitable  apparatus  is  present 
at  each  end  for  reception  and  transmission. 

I  now  wish  to  pass  on  to  the  special  consideration 
of  the  manner  in  which  nerve  fibres  react  to  exci- 
tation, and  the  phenomena  which  they  exhibit  in  the 
course  of  such  reaction,  and  I  will  take  the  various 
ways  in  which  they  can  be  stimulated  in  their 
simplest  order,  although  the  most  interesting  by  far 
is  the  last. 

I.  Mechanical  Excitation. 

If  a  nerve  supplying  a  muscle  be  suddenly  com- 
pressed, as  you  see,  it  evidently  excites  a  nerve  im- 
pulse, which  is  sufiicient  to  cause  the  muscle  to  con- 
tract, and  I  may  add  it  is  also  sufficient  to  cause  the 
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phenomenon  of  an  electrical  change  in  the  nerve  fibre, 
to  which  I  shall  subsequently  allude.  As  an  instance 
of  the  physiological  effect  upon  the  entire  body,  of 
mechanical  iiTitation  of  nerve  fibres,  it  is  sufficient 
for  me  to  remind  you  that  when  the  so-called  "  funny- 
bone,"  or  ulnar  nerve  on  the  inner  side  of  the  point  of 
the  elbow,  is  pressed,  we  not  only  feel  pain  and  dis- 
comfort at  the  point  pressed  upon,  but  we  also  refer 
the  effects  of  the  pressure  to  the  tips  of  the  fingers. 
This  latter  complication  is  simply  due  to  an  error  of 
appreciation  on  the  part  of  our  nerve  centres,  and 
the  whole  process  is  a  good  illustration  of  the  way 
in  which  nerve  fibres  can  be  irritated  mechanically. 

2.   Chemical  Excitation. 

Various  chemical  reagents  possess  the  power  of 
more  or  less  actively  exciting  nerve  fibres  ;  thus 
the  innnersion  of  the  nerve  in  carbonate  of  potash 
or  solution  of  glycerine  is  sufficient  to  cause  the 
development  of  nerve  impulses  which  produce  con- 
traction of  the  muscle  in  coimection.  While  possibly 
the  action  of  these  chemical  substances  may  be  partly 
specific,  it  is  nevertheless  probable  that  it  is  also, 
and  perhaps  in  the  main,  due  to  the  abstraction  of 
water  from  the  fibres. 
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3.   Thermcil  Excitation. 

So  also  heat  when  suddenly  applied  to  nerve  fibres 
will"*  stimulate  them  into  action. 

4.  Electrical  Excitation, 

Of  all  means  that  have  yielded  information  on 
this  question  none  has  been  so  rich  in  results  as  the 
electrical  method  of  stimulation.  In  the  first  place, 
we  learn  at  once,  by  employing  difierent  forms  of 
the  electrical  current,  that  nerve  fibres  do  not  react 
always  in  the  same  way  to  stimuli,  and  that  these^ 
to  be  efiective  in  influencing  the  nerve  fibre,  must  be 
of  a  certain  degree  of  intensity ;  thus,  for  instance, 
with  a  mechanical  excitation,  very  slow  and  pro- 
longed pressure  does  not  excite  nerve  fibres,  it  is 
necessary  that  it  should  be  rather  sudden  in  its 
application :  so  it  is  with  the  electrical  current. 
We  can  take,  as  you  see  before  you,  such  a  powerful 
current  as  is  derived  from  two  Grove's  cells,  and 
when  by  means  of  this  key,  which  is  a  convenient 
method  of  gradually  letting  into  the  nerve  the 
stimulus,  we  apply  it  to  the  nerve  fibre,  it  is  ob- 
vious that,  so  long  as  we  turn  the  key  slowly,  the 

*  There  are  exceptions  to  this  rule  as  far  as  sensory  impressions  go. 
Vide  "Journal  of  Physiology." 
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nerve  fibre  is  not  stimulated,  and  the  muscle  does 
not  contract ;  whereas  if  the  key  be  tvu^ned  sharply  so 
as  to  increase  suddenly  the  strength  of  the  current 
running  through  the  nerve,  the  nerve  impulse  is 
aroused,  and  the  muscle  instantly  responds  to  it. 
Direct  observation  has  been  made  upon  this  point, 
and  the  most  efficient  period  during  which  the 
closure  of  the  current  acts  has  been  determined 
by  various  observers,  and  notably  by  Hermann,  who 
found  that  it  was  about  -ri'nT  of  a  second.  Du  Bois 
Keymond  had  previously  shown  that  if  the  constant 
current  were  applied  without  variation  a  relatively 
enormous  difference  of  potential  was  necessary  to 
evoke  tetanus,  and  that  its  application  produced 
after-effects.  It  is  not  clear  whether  this  mode  of 
action  of  the  current  is  not  partly  due  to  electrolytic 
changes  in  the  nerve  fibres,  or  whether  it  is  a  true 
physiological  influence. 

This  property  of  the  constant  current  in  inducing 
electrolytic  changes  in  the  nerve  fibres  constitutes, 
of  course,  a  serious  disadvantage  to  its  employment 
in  physiological  experiment,  and,  moreover,  it  is 
inconvenient  to  only  obtain  the  stimulating-  effect 
upon  making  or  breaking  the  current.  The  far 
more  efficient  means  of  electrical  excitation  of  nerve 
fibres  is  the  interrupted  current,  and  that  not  the 
directly  interrupted  current,  but  the  induced  form. 
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By  this  means  a  series  of  induction  shocks  are  sent 
into  the  nerve  at  the  rate  of  about  100  a  second. 
The  result  is  to  produce  a  very  easy  and  ready 
means  of  arousing  nerve  impulses. 

Ejfects  of  Excitatioii  07i  Nerve  Fibres. 

We  have  now  to  consider  what  happens  in  a 
nerve  fibre  Avhen  it  has  been  excited  by  one  or 
other  of  the  means  just  described.  The  first 
question  which  we  naturally  ask  ourselves  is,  What 
is  its  physical  appearance  under  these  circum^ 
stances  ?  Does  it  exhibit  any  change  in  form  or 
otherwise  ?  The  earlier  observations  of  RoUett  and 
others  had  shown  that  living  protoplasm,  when  ex- 
cited by  electricity  and  other  means,  contracted  or 
shrank  ;  and  Engelmann  has  shown  that  similarly 
the  outlines  of  nerve  fibres  which  have  been  irri- 
tated are  uneven  and  undulating,  as  though  their 
protoplasm  had  contracted.  Nerve  cells  also  have 
been  stated  to  shrink  when,  in  the  living  condition, 
chemical  reagents  have  been  applied  to  them 
(Fleischl),  or  when  they  have  been  stimulated  for 
a  considerable  time  (Hodge).  These  latter  experi- 
ments, however,  require  considerable  repetition  before 
they  can  be  fully  accepted. 

In  pursuing  our  investigation  of  the  direct  effect 
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produced  on  the  nerve  fibre  b}^  its  excitation  we 
look,  of  course,  for  the  physical  changes  which 
habitually  accompany  the  exercise  of  functional 
activity  on  the  part  of  living  protoplasm.  Those 
are:  i.  Chemical  changes;  2.  Thermal  changes; 
3.  Electrical  changes. 

I.   Cliemical  Changes. 

The  chemistry  of  living  protoplasm  is  so  extremely 
vague  at  the  present  time,  that  it  is  not  surprising 
to  learn  that  at  this  moment  we  know  nothing 
of  the  most  delicate  and  complicated  chemical 
changes  in  the  whole  body — namely,  those  in  the 
nervous  system.  It  has  been  stated  (and  con- 
tradicted) that  nerve  protoplasm  behaves  in  this 
respect  exactly  like  other  protoplasm — that  is  to  say, 
in  its  functional  activity  it  tends  to  become  acid  and 
to  yield  the  products  of  oxidation,  but  Avhile  at  any 
rate  on  the  latter  point  no  doubt  may  reasonably 
exist,  it  certainly  does  as  regards  the  former. 
Moreover,  it  is  reasonable  to  suppose  that  the 
chemical  changes  which  accompany  the  jDassage 
of  nerve  impulses  along  a  mere  conductor  are  pro- 
bably so  slight,  that  nothing  but  the  most  con- 
tinuous exercise  of  the  nerve  channel  would  evoke 
alterations  sufficient  to  be  detected  with  our  present 
relatively  coarse  method  of  experiment. 
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2.   Thermal  Clianges. 

The  same  is  not  quite  true  of  the  question  of  the 
development  of  heat ;  however,  while  we  shall  see 
later  that  this  does  accompany  the  activity  of  nerve 
centres,  there  is  at  present  no  evidence  that  any  heat 
is  developed  in  a  nevYeJlbre  during  the  passage  of  a 
nerve  impulse  along  it.  It  is  a  familiar  fact  to  you, 
and  well  illustrated  by  the  experiment  before  you, 
that,  when  we  cause  an  electrical  current  to  pass 
along  a  wire,  it  heats  that  wire,  owing  to  the  resistance 
which  the  current  meets  with  in  its  passage  along  the 
conductor.  When  a  nerve  is  taken  and  stimulated 
at  one  end  so  as  to  cause  a  nerve  impulse  to  travel 
along  its  fibres,  no  such  heating  of  the  protoplasm 
can  be  detected,  although  this  question  has  received 
investigation  quite  recently,  at  the  hands  of  Mr. 
Rolleston,  by  the  most  delicate  method  we  know 
of.  This  method,  which  is  well  known  to  phy- 
sicists, is  that  of  laying  the  substance  whose 
temperature  is  to  be  investigated,  on  a  fine  metallic 
conductor  through  which  an  electrical  current  is 
flowing,  the  circuit  including  a  reflecting  galvano- 
meter, so  that  the  slightest  variation  in  it  can 
be  at  once  detected.  Such  a  variation  of  the  elec- 
trical current  would  inevitably  follow  the  warming 
of   the    little    testing    conductor    by    as    small    an 
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amount  of  heat  as  ti^tv  degree  Cent.  ;  yet,  although 
the  stimulated  nerve  was  laid  upon  this  conductor, 
no  alteration  was  produced  in  the  resistance ;  in 
other  words,  it  was  not  heated  even  to  so  slight  an 
extent  as  -i^^jiy  of  a  degree  Cent.  It  is  possible  of 
course,  and  perhaps  we  ought  to  say  probable,  that 
this  method  is  relatively  much  too  rough,  and  that 
by  some  instrument  we  may  be  able  some  day  to 
demonstrate  the  rise  in  temperature,  which,  from 
a  jpriori  reasoning,  it  is  very  difficult  to  believe  does 
not  occur  in  nerve  fibres  when  they  are  in  a  state 
of  functional  activity.* 

3.  Electrical  Clianges. 

Of  all  the  changes  in  nerve  fibres  that  acconjpany 
the  passage  of  nerve  impulses  along  them,  the  elec- 
trical are  at  once  the  most  important  and  the  most 
easily  demonstrated.  But  before  I  begin  to  speak 
of  them,  let  me  beg  you  clearly  to  understand  that 
although  we  have  evidence  of  an  electrical  change 
occurring  simultaneously  with  the  passage  of  the 
nerve  impulse,  that  is  not  the  impulse  itself,  any  more 
than  the  effort,  by  means  of  which  an  engine-driver 
turns  the  lever  Avhich  lets  steam  into  the  cylinder, 

*  See,  however,  Stewart :  "  Studies  from  the  Physiological  Laboratory  of 
Owens  College,  Manchester,  1S91." 
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is  the  force  which  starts  the  train  in  motion.  The 
apphcation  of  an  electrical  current  to  a  nerve  fibre, 
and  which  stimulates  it,  has  nothing  to  do,  save 
the  indirect  relation  of  cause  and  effect,  with  the 
electrical  changes  in  nerve  fibres  when  thus 
stimulated.  It  is  true  that  the  excitino-  elec- 
trical  current  enters  the  nerve  locally  where  it  is 
applied,  and  that  its  electrical  energy  passes  across 
through  the  substance  of  the  nerve  from  one  elec- 
trode to  the  other  ;  but  what  passes  dotvn  the  nerve 
to  reach  the  muscle  is  not  that  electrical  current,  but 
a  nerve  impulse  or  development  of  nerve  energy, 
which  is  accompanied  by  its  own  electrical  change 
equally  to  be  evoked,  as  I  have  already  said,  by  any 
other  form  of  stimulus — e.g.,  pinching,  &c.  What 
that  nerve  energy  is,  or  how  much  it  resembles 
electricity,  or  heat,  or  light,  or  magnetism,  we  have 
not  the  remotest  idea.  We  know  that  any  one  of 
the  forms  of  energy  that  w^e  have  just  mentioned  can 
be,  to  use  popular  language,  converted  into  the 
other — as,  for  example,  in  the  case  I  gave  you  just 
noAv,  where  the  behaviour  of  an  electrical  current  in  a 
conductor  is  such  that  light  and  heat  are  produced  ; 
but  since  we  have  no  means  of  measuring  or  getting 
hold  of  nerve  energy,  we  cannot  tell  what  is  the 
direct  relationship  between  it  and  the  electrical 
stimulus  which  calls  it  forth.     All  we  can  sav,  at  the 


142         THE   STRUCTURE   AND   FUNCTIONS       lect.  vr. 

present  time,  by  way  of  putting  the  matter  more 
clearly  before  our   minds  is,  that   the    stimulating* 
electrical  current  determines  some  molecular  change 
in  the  nerve  at  the  point  where  it  happens  to  be 
applied,  and  that  that  molecular  change  we,  for  the 
sake   of   convenience,  agree   to    call   an    excitatory 
change  ;  and  we  further  go  on  to  say   that  that  ex- 
citatory change  is  transmitted  down  the  nerve  fibre, 
and  when  it  arrives  at  its  destination  it  is,  as  in  the 
case  of  a  nerve-ending  in  muscle,  transformed  when 
it  leaves  the  little  motor  nerve-ending  and  passing 
into  the  muscle,  causes  the    mechanical  change  of 
form  which    we    call    contraction — i.e.,  the  kind  of 
energy  termed  movement.     I  can  now  proceed,  with- 
out fear  of  confusing  my   subject,  to  the  electrical 
change   which  is  developed    in    a   nerve    conductor 
or   fibre   when   it  is  stimulated.     Apparently,  if  a 
living  tissue  be  absolutely  uninjured  and  at  rest,  one 
part   of  it   does   not    appear  to    be   in    a  different 
electrical  state  to  another  part,  but  if  it  be  injured 
the  part  which  is  damaged  becomes,  as  we  express 
it,  electro-negative  to  the  rest  or  uninjured  portion 
of  the   tissue.      This   is    indicated,    as   in    Fig,  29, 
by   the   signs   minus  ( — )  and   positive  ( + )  ;  the  cut 
end  of  the  isolated  nerve  is  of  course  the  injured 
part  of  the  tissue,  and  we  therefore  find  when  we 
connect   the  cut  end  and  the   longitudinal  surface 
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respectively  with  the  galvanometer,  that  there  is 
a  distinct  difference  in  the  electrical  state  of  the 
two  parts  of  the  nerve  ;  that  the  electric  potential 
is  higher  in  the  uninjured  part  than  at  the  dying 
surface  ;  and  therefore  if,  as  just  stated,  the  two 
portions  be  connected  to  the  galvanometer,  that 
instrument  reveals  to  us  that,  in  popular  language, 
there  is  a  current  flowing  through  it  from  the  un- 
injured longitudinal  surface  to  the  cut  transverse 
end. 

This  fact  was  not  discovered  until  1843  by  du 
Bois  Eeymond,  but,  most  remarkable  and  far-reach- 
ing as  it  is,  it  is  of  less  importance  from  the  physio- 
logical point  of  view,  because,  as  we  have  seen  just 
now,  it  really  depends  for  its  existence,  or  at  any 
rate  marked  development,  on  an  abnormal  state  of 
things — namely,  an  injury  of  the  tissue.  What, 
however,  is  of  the  most  fundamental  and  far- 
reaching  significance  is  the  following,  which  was 
discovered  also  by  du  Bois  Reymond — namely, 
that  if  a  nerve  impulse  be  caused  to  pass  down 
such  a  nerve  thus  prepared,  the  passage  of  that 
nerve  impulse  along  the  fibres  evokes  in  them  a 
change  in  their  electrical  state  of  the  following 
kind.  The  electrical  difference  between  the  un- 
injured and  injured  surfaces  respectively  under- 
goes  a  slight    change,    and   owing   to  the    fact  of 
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its  taking  the  form  of  a  diminution  in  the  pre- 
viously existing  difierence,  it  is  not  improperly- 
called  a  negative  variation.  Now,  this  negative 
variation  is  reallv  the  crreatest  discoverv  in  the 
minute  or  intimate  physiology  of  nerve  structures 
of  the  present  century ;  for  if  we  are  dealing  with 
nerve  fibres  alone — i.e.,  isolated — it  is  the  only 
evidence  we  possess  of  the  passage  along  such 
fibres  of  nerve  impulses :  consequently,  when  we 
are  attempting  to  analyse  the  physiological  activity 
of  the  spinal  cord,  when  it  is  behaving  as  a  con- 
ductor rather  than  as  a  nerve  centre,  we  should 
without  this  method  be  ignorant  in  what  that 
differentiation  of  function  consists.  This  diminution 
of  the  previously  existing  electrical  difference 
may  be  taken  as  indicating  the  development  of  an 
electrical  current  flowing  in  the  opposite  direc- 
tion to  the  previous  one,  and  therefore  Hermann 
termed  this  negative  variation,  which  is  evoked 
by  arousing  the  function  of  the  nerve,  the  "  action 
current/' 

I  shall  speak  of  it  under  this  title,  not,  however, 
that  I  think  the  term,  strictly  speaking,  scientifically 
a  good  one,  inasmuch  as  it  rather  tends  to  bind 
us  to  a  particular  interpretation  of  the  phenomenon. 
Nevertheless,  as  it  is  the  term  which  best  connects  this 
phenomenon  with  the  passage  of  the  nerve  impulse, 
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it  will  doubtless  commend  itself  to  you,  as  being- 
self-explanatory.  This  action  current,  fortunately,  is 
developed  even  if  we  only  send  through  a  nerve  fibre 
a  single  induction  shock,  the  duration  of  which,  as  you 
know,  is  extremely  short — less  than  a  thousandth  of 
a  second  :  consequently,  it  is  of  still  greater  value 
to  us  as  a  means  of  knowino-  whether  it  is  one  bio- 
impulse  alone  which  is  passing  down  a  nerve  con- 
ductor, or  whether  it  is  a  number  of  impulses  with 
which  we  have  to  deal.  Since,  if  it  be  the  latter 
we  could,  provided  we  had  a  suitable  instrument, 
see  the  successive  development  of  a  little  series  of 
action  currents,  one  for  each  nerve  impulse.  This 
reasoning  forms  the  basis  of  what  is  now  spoken 
of  as  the  galvanometric  method  of  discovering  the 
localisation,  and  indeed  numerical  estimation  of 
nerve  impulses ;  and  it  is  the  one  which  Mr.  Gotch 
and  I  have  employed  in  our  researches, 

I  spoke  just  now  of  a  suitable  instrument  for 
recording  the  existence  of  the  action  current :  as 
a  rule,  this  is  effected  by  means  of  this  beautiful 
galvanometer,  named  the  Thomson  reflecting  galvano- 
meter, after  its  inventor.  Sir  William  Thomson. 
This  instrument  is  so  delicate  that  it  is  capable 
of  appreciating  the  30-millionth  of  an  ampere ;  it 
is  of  course  on  this  account  extremely  sensitive, 
and  special  precautions  have  to  be  taken  in  its  use  ; 
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Fig.  34. 


but  these  are  Avell  known,  and  can  be  discounted. 
It  has,  however,  a  serious  disadvantage  for  our 
purpose,  for  while  it  shows,  by  a  steady  swing  of 
the  galvanometer  needle,  the  existence  of  the 
action  current,  it  is  too  slow  in 
its  swinof  to  reveal  a  series  of 
these  if  they  follow  each  other 
pretty  rapidly,  inasmuch  as  the 
one  succeeding  the  other  at  a  very 
short  interval,  the  needle  has  not 
time  to  swing  back,  and  conse- 


quently they  all  become  fused 
toofether  into  one  larofe  deflection. 
There  is  an  instrument,  however, 
which  does  move  very  sharj)ly 
and  quickly  when  even  a  weak 
electrical  current  is  sent  into  it : 
this  instrument  is  called  Lipp- 
mann's  capillary  electrometer, 
and  as  made  by  Mr.  Burch  is 
extremely  efficient ;  its  structure  is  shown  in  this 
diagram  (Fig.  34).  It  consists  simply  of  a  little 
capillary  tube  (c)  containing  mercury,  which  is  im- 
mersed in  sulphuric  acid  (s),  and,  when  an  electrical 
current  is  sent  into  it,  the  mercury  advances  along  the 
little  tube,  and  as  quickly  retreats  when  the  current  is 
shut  off.  But  it  also  has  a  greater  advantage — namely. 


In  this  drawing  the 
current  in  the  nerve  is 
shown  as  an  action 
current. 
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that  if  we  focus  by  means  of  the  microscope  (M) 
the  image  of  this  httle  capillary  011  to  a  slit  with  a 
very  strong  light,  the  electric  light,  and  if  we  have 
moving  behind  that  slit  a  sensitive  photogTaphic 
plate,  we  can  take  a  photograph  of  the  shadow  cast 
by  the  mercury  column ;  thus,  if  this  be  caused  to 

Fig.  35. 


Drawing  of  a  photograph.  iSh  is  the  shadow  of  the  mer- 
curial column.  The  little  elevations  nv,  nv,  are  the  little 
leaps  the  mercury  makes  when  each  single  shock  to  the 
nerve  induces  an  "action  current." 


shoot  up  and  down  by  the  passage  in  and  out  of 
it  of  the  action  current,  that  shoot  up  and  down  will 
also  be  shown  as  a  shadow  on  the  photogTaphic 
plate,  and  in  this  way  we  shall  obtain  an  automatic 
record  of  the  electrical  effect  produced  in  a  nerve 
fibre  by  the  passage  of  the  nerve  impulse.  Such  a 
photograph  is  shown  in  Fig.  35. 
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LECTURE   YIL 

We  have  just  seen  that  the  single  negative  varia- 
tion or  diminution  in  the  previous  electrical  state  of 
nerve  fibres  is  our  only  physical  evidence,  of  a  direct 
kind,  as  to  what  occurs  in  one  when  a  single  nerve 
impulse  passes  along  it,  but,  although  it  is  the  only 
direct  evidence  at  our  disposal,  it  is  of  immense 
practical  value,  and  this  will  be  realised  later  when 
we  see  how  it  forms  a  reliable  method  for  determin- 
ing the  paths  of  transmission  in  the  central  nervous 
system.  Further,  the  extraordinary  fact,  of  which 
I  have  spoken  before,  that  nerve  fibres  conduct  both 
ways  when  they  are  excited  in  the  middle  of  their 
course,  was  also  discovered  by  the  use  of  this  method. 
Thus,  as  indicated  in  the  diagram  (Fig.  36),  excitation 
of  the  nerve  (n)  by  the  battery  (B)  causes  the 
muscle  (m)  to  contract,  and  at  the  same  time  the 
galvanometer  (G)  which  is  in  connection  with  the 
other  end  reveals  the  presence  of  the  "  action  cur- 
rent," or  negative  variation.  From  this  it  is  evident 
that  the  nerve  fibres  have  conducted  upwards  and 
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downwards  in  the  directions  of  the  arrows  from  the 
point  excited.  The  other  known  fact  concerning 
the  transmission  of  nerve  impulses  along  fibres  is  the 
rapidity  of  their  passage,  which  is  ascertained  to  be 
about  3  3  metres  per  second ;  in  other  words,  about 
100  feet  per  second.  This  is  a  rate  Avhich  we  can 
picture  to  ourselves  readily   enough,  when  we  con- 
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sider  that  it  is  just  about  equal  to  that  of  an 
express  train  going  a  trifle  over  sixty  miles  an 
hour.  It  has  been  directly  measured  by  a  very 
simple  plan  (Helmholtz)  as  follows  :  If  we  trace 
along  the  nerves  from  the  spinal  cord  in  the  neck 
region  down  into  the  muscles  of  the  upper  lunb,  we 
find  that  they  come  near  to  the  surface  at  different 
places.  It  is  relatively  easy  for  us  therefore  to 
stimulate  the  nerve  for  the  small  muscles  of  the  hand, 
high  up  in  the  neck  and  low  down  in  the  forearm,  as 
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shown  in  the  diagram  (Fig.  37)  at  a  and  h  respectively. 
A  suitable  apparatus  is  then  connected  with  the 
small  muscles  of  the  hand,  and  an  electric  signal,  at 
the  same  time,  with  the  exciting  current.  Finally, 
we  have  another  electric  signal  marking  the  time. 

Fig.  37. 


Apparatus  to  record  the  moment  at  which  a  muscle 
contracts  when  a  stimulus  from  an  induction  coil  (I,  II) 
is  applied  to  different  parts  of  the  nerve  (N),  and  so  used 
to  obtain  evidence  of  the  time  taken  for  the  passage  of 
the  impulse  along  the  known  length  of  nerve  between  a 
and  b. 

Note. — The  above  diagram  represents  a  frog's  nerve 
and  muscle  arranged  for  the  experiment. 

Now  all  these  signals  are  made  to  write  upon  a 
blackened  surface  (P)  which  moves  rapidly  forward, 
impelled  by  a  spring,  and,  in  doing  so,  opening  a  key 
which  allows  the  current  from  the  battery  to  stimulate 
the  nerve,  and  at  the  same  time  to  record  the  fact 
of  the    stimulation  on   the  plate.     The   apparatus, 
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attached  to  the  small  muscles  of  the  hand  beino- 
pressed  upon  by  their  contraction,  similarly  demon- 
strates the  moment  when  that  happens.  Finally, 
marked  below  are  the  periods  of  time  recorded.  If 
now  in  the  first  place,  when  the  nerve  is  stimulated 
hio'h  in  the  neck  at  h,  we  find  that  the  total  time 
expended  between  the  moment  of  excitation  and  the 
contraction  of  the  hand  muscles  is  a  certain  amount 
which  we  may  call  (T) ;  and  if,  further,  we  find  the 
total  time  occupied  between  the  excitation  of  the 
nerve  at  (a),  and  the  corresponding  muscular  re- 
sponse, to  be  (^)  ;  then  it  is  obvious  that  the  difference 
between  (T)  and  (t)  must  be  the  amount  of  time 
which  is  consumed  in  the  passage  of  the  impulse 
from  h  to  a. 

Probably  all  nerve  fibres  transmit  impulses  at  the 
same  rate ;  this  position,  however,  has  been  strongly 
contested,  and  it  has  been  stated  that  the  im- 
pulses passing  along  the  so-called  afferent  channels 
or  sensory  nerves  travel  quicker  than  the  corres- 
ponding motor  impulses ;  so  too  it  has  been  sug- 
gested by  Exner,  that  the  rapidity  of  transmission 
of  nerve  impulses  in  the  fibres  situated  in  the  nerve 
centres  is  different  to  that  seen  in  the  peripheral 
nerves,  but  of  this  there  seems  to  be  a  considerable 
lack  of  evidence. 

Mr.  Gotch  and  myself  have  examined  this  point 
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and  have  provisionally  come  to  the  conclusion  that 
the  fibres  in  the  spinal  cord  conduct  like  those  of  the 
peripheral  nerves.  It  may  not  at  once  be  apparent 
why  this  rate  of  transmission  of  nerve  impulses  should 
be  a  matter  of  so  much  moment,  but  it  will  be  obvious 
enough  when  we  consider  that  if  it  were  not  for 
this  determination  of  the  rate  in  the  peripheral 
nervous  system  we  should  be  unable  to  determine 
the  amount  of  time  a  nerve  centre  occu^Dies  in  its 
work. 

We  will  now  beo^in  the  discussion  of  the  leadino- 
principles  which  underlie  the  action  of  simple 
nerve  centres,  such  as  occur  in  the  sjDinal  cord, 
and  will  for  this  purpose  give  a  description,  in 
brief  outline,  of  the  structure  of  one  of  these. 
I  believe  we  are  justified  in  mentally  building  it 
up  as  consisting  of  three  parts :  ( i )  an  afierent 
side  for  the  reception  of  impressions,  (2)  a  field  of 
conjunction  which  connects  the  afferent  side  with 
(3)  the  efferent  side  from  which  impulses  pass  out 
down  the  nerves  (see  Fig.  38). 

I.  Tlie  Afferent  Side. — Into  the  dorsal  part  of  the 
spinal  nerve  centres  enter  the  afierent  channels  from 
the  posterior  root.  This  part  of  the  grey  matter  of 
the  cord  is  called  the  posterior  horn.  For  our 
present  purpose  it  may  be  regarded  simply  as  con- 
sisting of  a  complex  maze  of  nerve  fibres  in  which 
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are  situated  a  number  of  small  nerve  corpuscles 
Avhich  are  specially  characterised  by  the  tendency 
exhibited  by  their   processes  of  breaking  up  into 

Fig.  38. 

JSiecCional  SKrface 
of  Cord  ,^ 


Efferent 
Side. 
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Side. 
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Fie  id 

■  of      ■ 
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Sp.cj  =  Ganglion  on  posterior  root. 

C  =  Posterior  root. 
Ex  =  Excitation  electrodes  applied  to  posterior  root 
iD  =  Indirect  nerve  sensory,  i.e.,  afferent  path. 
Di  =  Direct  afferent  path  ascending  cord  in  posterior  colamn. 

CO  =  SmaU  corpuscle  of  posterior  part  of  grey  matter. 

I  =  Internuncial  fibre. 

P  -  Pyramidal  tract,  fibre  from  brain. 
Co  =  Large  corpuscle  of  anterior  horn  of  grey  matter 

£  =  Anterior  root. 
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finer  and  finer  ramifications  until  these  can  be 
traced  no  further.  The  fibres  of  the  afferent  chan- 
nels— i.e.,  posterior  roots  have,  it  must  be  remem- 
bered, never  been  demonstrated  to  enter  actually 
these  small  or  posterior  nerve  corpuscles. 

2.   TJie  Efferent  Side. — We  will  pass  at  once  to 
the  consideration  of  the  efferent  side  of  the  nerve 
centres  because  we  do  know  something  positive  con- 
cerning it,   as  regards    structure,   whereas    of   the 
field   of  conjunction   we   know   little    or     nothing. 
The  efferent  side  of  a  nerve  centre  from  which  the 
impulses  leave,  consists  of  very  definite  anatomical 
structures — viz.,  large  nerve  corpuscles  (see  Fig.  41), 
the  largest  in  the  body,  which  give  off*  numerous 
branches  (see  Fig.   39),  the  division  of  which  is  a 
matter  of  peculiar  interest  and  importance.     Before 
the  method  of  staining,  recently  devised  by  Golgi, 
and  by   which  he  and,  later,  Kolliker,  Kamon  de 
Cajal,  and   others   have   discovered   that   the   pro- 
cesses of  these  large  cells  have    different   destina- 
tions,   it    had    been    known    since    the    time     of 
Deiters,  that   there  was  one  process  in  particular, 
which   did   not   appear  to  branch,  and  which   ran 
towards    the   anterior   roots,    and   was    apparently 
continuous  with  their  fibres.     We  now  know  from 
a  double  method  of  staining  introduced  by  Held 
and  Flechsig,  that  this  axis-cylinder  j)rocess,  as  it 
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is  called,  does  branch — i.e.,  gives  off,  at  right  angles 
to  the  main  course,  one  or  two  side  "insulated" 
channels,  and  then  enters  the  anterior  root  to  issue 
as  a  motor  or  efferent  nerve  fibre. 


Fig.  39. 


Section  of  spinal  cord. — Kollilcer. 

c  =  Large  nerve  corpuscle  of  grey  matter  of  cord. 

hh  —  Small  branches  with  their  non-communicating 

divisions. 
cl  =  Axis-cylinder  process. 
I  =  Lateral  column. 

3.  The  Field  of  Conjimction. — Of  the  Field  of 
Conjunction  in  which  the  branches  of  the  cells  of 
the  afferent  and  efferent  sides  respectively  must 
meet,  we  know  little  or  nothing.  This  is  especially 
unfortunate,  because  it  seems  likely  that  this  is  the 
most  interesting  region  of  the   nerve  centre,   and 
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that  the  obstruction  to  the  passage  of  nerve  impulses, 
which  is  obviously  oftered  to  such  as  may  hajDpen 
to  attempt  to  pass  through,  is  chiefly  centred  here. 

The  rapidly  dividing  branches  of  the  nerve  cells, 
both  of  the  anterior  and  posterior  cornua  of  grey 
matter,  are  directed  towards  each  other,  but  they 
evidently  do  not  meet,  and  the  assumption  is  that 
they  are  lost  in  the  ground  substance  of  the  spinal 
cord.  Moreover,  this  is  true  also  of  nerve  fibres 
which,  whether  coming  by  way  of  the  jDOsterior  root, 
or  as  terminal  iDranches  of  the  pyramidal  tract,^ 
run  apparently  into  the  field  of  conjunction  :  they 
branch,  and  the  ending  of  their  branches  cannot  be 
traced,  in  fact  no  direct  conjunction  has  ever  yet 
been  traced  between  the  branches  of  the  jierve  cells, 
or  those  of  the  nerve  fibre  with  the  nerve  cells. 
This  absence  of  dh-ect  connection  between  the  most 
important  parts  of  the  nerve  centres  is  of  course 
extremely  difficult  to  understand,  inasmuch,  as  it 
would  seem  that  physical  continuity  of  differentiated 
nerve  protoj)lasm  did  not  exist ;  but,  as  we  do  not 
know  anything  of  the  part  which  the  ground  sub- 
stance of  the  tissue  plays  in  its  functional  activity, 
we  cannot  make  any  surmise  on  the  subject  which 
would  be  worth  mention.     The  fact  is,  of  course,  that 

"  Xamelr,  the  fibres  which  descend  the  spinal  cord  directly  from  the 
brain. 
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impulses  do  pass,  and  that  in  spite  of  obstruction  or 
block,  which  we  shall  presently  see  is  very  marked 
under  certain  circumstances. 

Turning  now  to  the  special  physiology  of  nerve 
centres  in  the  spinal  cord,  we  find  that  apart  from 
their  regulating  the  changes  in  nutrition  of  the 
tissues  to  which  they  give  fibres,  they  are  principally 
charged  with  the  duty  of  evoking  muscular  contrac- 
tion or  movement  in  response  to  received  impressions 
from  the  outside.  This  movement  does  not  only 
show  itself  by  that  of  the  large  muscles  of  the  limbs, 
but  also  of  the  circular  fibres  of  the  blood-vessels, 
in  other  words,  by  vaso-motor  effects.  The  action 
of  these  centres  is,  however,  easiest  to  study,  when  by 
their  discharge  they  cause  the  large  muscular  move- 
ments ;  most  therefore  has  been  learned  respecting 
their  properties  from  this  kind  of  effect,  and  it  is 
consequently  the  one  on  which  I  shall  lay  the 
greatest  stress. 

(a)  Cliaracter  of  discharge. — A  spinal  nerve  centre 
differs  in  its  mode  of  discharge  according  to  the 
stimulus  which  evokes  the  disturbance  of  energy. 
In  the  first  place,  the  centres  will  not  react  to  a 
slight  excitation;  the  first  condition  therefore  is 
that  the  stimulus  should  be  adequate — i.e.,  have  a 
certain  force.  The  next  point,  which  contains  practi- 
cally all  that  concerns  the  character  of  the  discharge, 
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is  that  as  to  whether  the  stimulus  is  single  or  con- 
tinued. If  it  be  single  and  short  the  response  is  a 
single  twitch,  whereas  if  it  be  prolonged,  a  tetanus 
or  continuous  contraction  can  be  evoked  according 
to  the  state  of  activity  of  the  centre.  Further,  the 
centre  as  a  whole  has,  in  the  latter  case,  a  remark- 
able power  of  adding  up  any  ineiEcient  stimulations 
that  it  may  receive,  and  of  giving  out  a  muscular 
response  to  a  sufficient  repetition  of  these  inade- 
quate or  subminimal  stimuli. 

So  far  I  have  spoken  of  the  character  of  the 
discharge  of  the  spinal  centre,  as  it  is  revealed  to 
us  by  the  contraction  of  muscle  as  the  consequence 
of  the  flow  of  nerve  energy.  But  quite  recently 
IVIr.  Gotch  and  I  have  proposed  the  employment 
of  the  electrical  method  for  the  elucidation  of 
this  pomt,  and  this  can  be  done  in  the  following 
manner : — 

The  electrical  disturbance,  which  is  set  up  in  a 
nerve  fibre  during  the  passage  of  a  nerve  impulse 
along  it,  is,  as  I  have  already  told  you,  termed  the 
negative  variation  or  action  current.  When  you 
see  it  causinof  in  the  pfalvanometer  the  deflection  of 
the  needle,  these  deflections  are  easily  recognised  to 
have  distinct  characters ;  thus  in  a  nerve  Jihre,  when 
that  is  excited,  the  movement  of  the  needle  pro- 
duced is  a  relatively  quick  or  sharp  response,  and  the 
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moment  the  stimulus  is  left  off,  the  needle  at  once 
stops  and  quickly  returns  to  its  former  place  ;  whereas 
when  we  test  the  discharge  of  the  nerve  centre 
along  the  same  fibre,  we  find  that  the  deflection  of 
the  galvanometer  has  a  different  character.  It  is 
slower,  and  only  gradually  reaches  to  its  maximum, 
and  in  the  next  place,  when  the  current  is  shut  off", 
it  gradually  returns  to  normal,  contrasting  in  this 
respect  very  much  with  the  effect  observed  in  the 
fibre  when  that  has  been  directly  stimulated. 

(6)  Amount  of  discharge.- — It  would  naturally 
occur  to  you,  that  what  we  should  like  to  know  is, 
what  is  the  amount  of  nerve  energy  which  is  put 
out  from  a  spinal  nerve  centre.  Unfortunately,  of 
course,  as  before  said,  we  have  no  means  of  measuring 
amounts  of  nerve  energy,  physically  speaking,  and 
therefore  we  cannot  say  in  positive  terms  what 
disturbance  of  energy  there  may  be.  But  the 
electrical  method  here  steps  in  and  supplies  us  with 
a  kind  of  comparative  measurement,  probably  of  in- 
tensities— i.e.,  if  we  excite  nerve  fibres  directly,  for 
example,  and  obtain  a  certain  amount  of  deflection, 
and  if  we  then,  on  the  other  hand,  cause  a  nerve 
centre  to  discharge  down  these  same  nerve  fibres  and 
obtain  a  different  deflection,  we  shall  probably  not 
be  far  wrong  in  saying  that  the  two  readings  are 
comparable  together  as  indications  of  the  intensity 


i6o        THE   STRUCTURE   AND   FUNCTIONS      lect.  vii. 

of  the  nerve  impulses  in  the  two  cases.  We 
know  also  by  this  method  that  if  it  is  not  a 
question  of  intensities,  the  number  of  fibres  con- 
cerned in  the  passage  of  the  impulses  must  be  very 
different,  and  that  we  have  found  to  be  true  from 
our  work  on  the  spinal  cord.  There  is  always  the 
possibility  that  both  factors  may  be  at  work,  and 
if  we  get  a  small  figure  as  the  result  of  a  nerve 
centre's  discharge  into  a  mixed  nerve — i.e.,  a  nerve 
containino'  both  afferent  and  efierent  fibres,  or  to 
use  more  popular  language,  sensory  or  motor  respec- 
tively, it  may  mean  that  the  centre  is  only  dis- 
charging along  a  few  fibres,  efierent  ones  of  course, 
or  it  may  also  mean  that  the  intensity  of  discharge 
from  the  nerve  centre  is  distinctly  low.  Reviewing 
the  whole  subject,  there  seems  little  doubt  that, 
if  the  figure  is  very  low  in  comparison  with  others, 
the  intensity  is  probably  affected.  Now,  as  a 
matter  of  fact,  it  is  a  very  low  figure,  for  we  find 
that  the  nerve,  if  excited  directly,  will  give  a 
deflection  of  200  to  300  scale  in  the  "galvanometer, 
whereas  the  discharg'e  of  the  nerve  centre  down 
the  nerve  fibre  averages  26  only  on  the  same  scale, 
that  is  to  say,  about  an  eighth  or  a  tenth  of  the 
amount.  This  is  rather  a  revelation  to  us,  because  we 
now  see  that  it  may  be  possible  in  the  future  to  find 
out  some  relation  between  the  discharge  from  nerve 
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centres,  and   the   amount  of  muscular  force  which 
is  evoked,  and  in  this  way  by  some  considerations 
alHed   to   those    upon   which    the    conservation   of 
energy  is  based,  arrive  indirectly  at  a  rough  physi- 
cal conception  of  nerve  energy  itself. 

(c)  Duration  of  the  j^'t'oduction  of  the  discharge. 
Perhaps  the  most  interesting  thing  connected  with 
the  discharge  of  a  nerve  centre,  if  we  could  get  it, 
would  be  the  actual  time  taken  up  by  the  nerve 
cells  in  their  work  of  converting  the  sensory  or 
afferent  impression  into  an  eiferent  or  motor  impulse. 
This  can  be  approximately  arrived  at  in  the  following 
way  : — 

A  nerve  is  chosen  leading  from  a  segment  of 
the  spinal  cord,  and  a  muscle  in  connection  with 
it  caused  to  pull  a  lever,  which  may  break  an 
electric  current.  If  now  any  afferent  nerves  lead- 
ing to  that  centre  be  stimulated  by  a  single  shock  of 
electricity,  the  nerve  centre  will  have  the  easy  task 
of  converting  that  single  (exceedingly  short)  afferent 
impression  into  a  motor  impulse,  and  it  does  so, 
almost  invariably  producing  a  single  muscular 
twitch  :  hence  the  single  afferent  excitatory  state  is 
converted  into  a  single  excitatory  state  on  the 
efferent  side  by  its  passage  through  the  nerve 
centre.  The  question  therefore  for  us  to  decide,  is 
how  long  a  time  is  expended  in  that  conversion  in 

L 
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the  nerve  centre.  Now  we  must  think  what  we  are 
deahng  with.  In  the  first  place,  we  are  stimulating 
(Fig.  40),  at  a  point   say  B,  a    sensory  nerve  fibre 

going  up  to  a  centre, 
and  what  we  measure 
with  our  instrument  is 
the  whole  length  of  time 
between  the  moment  of 
throwing  in  the  induc- 
tion shock  at  B,  and  the 
commencement  of  the 
contraction  of  the  mus- 
cle at  M.  If  now  we 
call  the  afferent  or  sen- 
sory side  of  the  nerve 
centre  A,  and  the  effer- 
ent or  motor  cell  of  the 
centre  E,  then,  from  the 
whole  time  between  the 
commencement  of  the 
impulse  at  B  and  its 
arrival  at  M,  we  must 
plainly  subtract  the  time  which  is  lost  in  going  from 
B  to  A,  and  from  E  to  M,  and  finally  the  time  which 
is  lost  in  the  nerve-ending  in  the  muscle  itself  (see 
Fig.  22).  This  last  item  has  been  ascertained  by 
Helmholtz's  method  and  found  to  be  on  the  average 
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one-hundredth  of  a  second,  during  which  time,  as 
it  were,  the  motor  nerve-ending  is  inducing  the 
muscle  to  contract.  The  rate  at  which  the  im- 
pulses pass  up  to  the  centre  and  down  from  the 
centre  we  know  already  is  33  metres  per  second, 
therefore  if  we  measure  the  length  of  the  nerves  we 
can  easily  estimate  the  fraction  of  a  second  that  is 
lost  during  the  passage  of  the  impulse  along  them. 
Adding  then  these  to  the  one-hundredth  of  a 
second  lost  in  the  nerve-ending,  and  subtracting 
from  the  total  time  expended  from  A  to  B,  the 
answer  comes  out  "006  of  a  second.  Some  ob- 
servers, it  is  true,  find  that  the  time  is  much  longer 
than  this,  Exner,  for  example,  says  that  the 
time  is  not  six -thousandths  of  a  second  but  six- 
hundredths.  Such  differences  as  these  are  not  so 
serious  as  they  appear,  because  you  will  naturally 
understand  that  nerve  centres  of  all  kinds  are  very 
delicate  and  very  easily  affected  by  the  conditions 
surrounding  them,  such  as  temperature,  nutrition — 
i.e.,  the  circulation,  and  the  occurrence  or  not  of 
previous  excitation,  and  it  is  evident  that  the  co- 
existence or  absence  of  any  of  these  factors  must 
produce  a  varying  activity  of  the  centre  and  there- 
fore a  difference  in  the  rapidity  with  which  it 
works. 

[d)    Automatism. — I    now    enter    upon    a    fresh 
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characteristic  of  the  lowest  nerve  centres,  including 
those  which  are  to  be  found  in  the  medulla  oblon- 
gata or  bulb  and  in  the  spinal  cord.  This  is  what 
is  A'ery  frequently  spoken  of  as  automatism,  and 
the  usual  example  given  is  the  action  of  respira- 
tion or  breathino-.  Our  breathino-  is  eliected  of 
course  by  muscles  which  expand  the  chest  and  so 
draw  air  into  the  luno-s,  and  then  bv  others  which,con- 
tracting  again,  expel  it,  so  that  the  lungs  are  continu- 
ously being  alternatelv  ventilated.  Now,  the  muscles 
are  caused  to  contract  for  inspiration  or  breathing 
in,  and  for  expiration  or  breathing  out,  by  a  regular 
and  rhythmical  discharo-e  of  nerve  centres,  at  the 
rate  of  sixteen  times  per  minute.  Other  instances 
of  so-called  automatism  are  the  activities  of  centres 
all  down  the  spinal  cord,  which  have  to  do  with  the 
various  organs  of  the  body — have  to  keep  up,  in 
some  cases,  constant  or  tonic  contraction  where 
muscles  are  acting  as  valves,  to  hold  back  fluids,  &c.  ; 
in  other  cases,  to  provide  for  alternate  contractions 
and  relaxations,  and  so  forth.  All  these  subordinate 
functions  are  carried  on  bv  these  centres  in  a  reonilar 
fashion,  excited,  no  doubt,  by  impressions  from  the 
outside — i.e.,  from  the  organs  whose  machinery  they 
thus  set  in  action ;  but  at  any  rate,  while  the  law 
of  cause  and  effect  is  thus  obeyed,  a  nerve  centre  is 
so  far  independent,  that  it  discharges  in  a  rhythmical 
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way  and  at  a  definite  and  characteristic  rate,  exer- 
cising, as  it  were,  its  own  time  of  summation  of 
impressions  and  its  own  period  for  their  discharge. 
This  automatism,  as  it  is  improperly  called,  of  the 
lower  centres  is  extremely  interesting  and  important 
in  many  ways,  because,  understanding  that  the 
spinal  centre  can  do  this,  it  is  easy  for  us  to  approach 
the  next  question  which  comes  into  close  connection 
with  the  subject — namely,  what  happens  in  a  spinal 
nerve  centre  after  it  has  been  excited.  You  have 
seen  the  graphic  way  of  recording  the  muscular 
contractions  which  follow  excitation  of  the  nerve 
centre  related  to  that  muscle.  Now,  under  certain 
circumstances,  it  is  found,  and  has  been  graphically 
recorded,  that  the  muscle,  after  it  has  responded 
directly  to  the  excitation  of  the  centre,  at  certain 
intervals  following  that  excitation  contracts  again 
and  again  repeatedly.  These  contractions,  small  as 
they  are,  occurring  after  the  primary  effect  or  result 
of  the  excitation,  are  to  be  correctly  spoken  of  as 
after  effects,  and  they  correspond  unquestionably 
with  the  after  effects,  which  next  year  we  shall  see 
are  so  very  characteristic  of  discharge  from  the  nerve 
centres  in  the  cortex.  It  is  plain  from  all  this  that 
the  spinal  nerve  centres,  especially  when  they  have 
been  to  a  certain  degree  disorganised  by  previous 
disease   in   the    spinal     cord,    if   they    are    excited 
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keep  on  discharging  their  energy,  and  stimula- 
tions, which  were  before  disregarded  by  them,  lie- 
come  quite  enough  now  to  effect  this.  A  very 
striking  example  of  this  is  what  is  termed,  in 
clinical  work,  ankle  clonus,  where  a  sudden  stretch- 
ino'  of  the  leo-  muscles  is  sufficient  to  evoke  a 
wonderfully  rhythmical  series  of  discharges  of  the 
spinal  centres,  causing  a  steady  and  rapid  shaking 
of  the  foot,  and  this  constitutes  a  very  valuable  sign 
in  disease. 

Intrinsic  changes  in  the  centre,  in  consequence 
of  its  functional  activity. — As  physicists,  we  would 
naturally  desire  next  to  know,  just  as  in  the  case  of 
the  nerve  fibres,  whether  any  chemical,  thermal,  or 
electrical  changes  attend  the  development  of  nerve 
energy  in  a  nerve  centre,  for  theoretically  it  is  im- 
possible to  conceive  that  it  should  take  place  without 
the  concomitant  exhibition  of  some  alteration  in  one 
or  other  of  these  dh^ections.  In  the  case  of  nerve 
fibres,  we  saw  that  of  chemical  or  thermal  changes  we 
had  no  evidence,  but  of  course  very  marked  electrical 
difterence,  which  has  proved  so  useful  to  neurologists. 
Of  nerve  centres  we  know  still  less,  and  as  to  whether 
or  not  their  activity  is  accompanied  by  chemical 
alteration  we  are  absolutely  ignorant.  Of  heat 
variations  in  the  spmal  centres  we  are  also  quite 
ignorant ;  Ave  shall  see,  when  we  come  to  consider  the 
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activity  of  the  brain,  that  there  heat-changes  have 
been  described,  but  none  so  far  as  regards  the  spinal 
cord.  Now  with  respect  to  the  electrical  changes,  that 
is  still  more  a  matter  of  doubt,  because  in  the  first 
place,  as  du  Bois  Reymond  has  pointed  out,  it  is 
unlikely  that  we  should  have  electrical  differences 
exhibited  in  masses  of  nerve  protoplasm  in  the 
shape  of  cells  if  those  are  quite  uninjured,  as  they 
must  be,  naturally  enough,  for  the  performance  of 
their  functions.  And  moreover,  quite  apart  from 
general  considerations  of  this  sort,  the  fact  remains 
that  every  nerve  centre  is  a  combination  of  cells 
and  fibres,  therefore,  if  we  connect  such  a  centre 
with  the  galvanometer,  as  has  been  done  in  the 
case  of  the  bram,  we  cannot  say  whether  any 
electrical  effects  which  we  observe  are  due  to  the 
cells  or  to  the  fibres.  In  this  state  of  ignorance 
therefore,  we  must  leave  this  interesting  topic. 

Localisation  of  the  origin  of  energy  in  a 
nerve  centre. 

The  nerve  cells  in  a  spinal  nerve  centre  on  the 
afferent  side  are  small,  and,  as  we  have  already  seen, 
branch  and  divide,  and  the  terminations  of  such 
divisions  are  lost  to  sight  in  the  cord.  Yet  we  know 
that  impulses  spread  from  this  region,  through  the  in- 
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tervening  field  of  conjunction,  to  the  big-  nerve  cells  in 
the  anterior  part  (Fig.  41)  of  the  grey  matter  of  the 


Cross  section  of  spinal  cord  of  young  animal. — Kolliker 

2)  =  Posterior  column. 

2)r  =  Posterior  root  fibres  entering  cord, 

c  =  Central  canal. 

V  =  Bloodvessel  cut  across. 
ac  —  Anterior  commissure. 

no  =  Large  nerve  cells  of  anterior  horn  of  grey  matter. 
L  =  Lateral  column. 

tf  =  Fibres  cut  across — i.e.,  running  up  and  down  the 
lateral  column. 

spinal  cord,  the  elements  of  the  efferent  side  of  the 
nerve  centre.  Now  comes  the  puzzling  question, 
which  of  the  elements  of  the  centre  is  the  source 
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of  the  nerve  energy,  is  it  the  small  cells  of  the 
posterior  horn,  is  it  the  mysterious  region  which 
we  have  called  the  field  of  conjunction,  or  is  it  the 
large  nerve  cell  which  is  so  characteristic  of  the 
efferent  region  ?  Up  to  the  present  time  these 
latter  large  corpuscles  have  always  been  called 
"  motor,"  and,  perhaps,  by  common  comprehension 
of  the  meaning  of  that  expression,  they  have 
obtained  the  reputation  of  being  the  source  of 
the  nerve  energy  ;  and  it  is  a  curious  thing  that 
although  sensation  stands  to  movement  in  the  rela- 
tion of  cause  to  eftect,  nevertheless  the  afferent 
part  of  the  nerve  centre — i.e.,  the  sensation-receiv- 
ing part,  has  not  been  credited  with  the  function 
of  which  there  is  now  g-ood  reason  to  believe  it  is 
the  true  source.  For  many  years  Dr.  Bastian  has 
taught  that  the  origin  of  the  nerve  energy  is 
to  be  looked  for  on  this  side  of  the  nerve  centre, 
and  that,  as  a  matter  of  fact,  there  is  no  direct 
evidence  to  show  that  the  large  anterior  corpuscles 
are  the  sources  of  energy  that  they  are  supposed  to 
be.  But  so  far  his  observations  have  not  been 
examined  by  the  experimental  method,  and  for 
that  reason,  perhaps,  have  not  met  with  the 
attention  that  ought  to  have  been  accorded  to 
them.  Dr.  Bastian  showed,  as  long  ago  as 
1869,    that     the     fundamental    process     in    every 
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movement  is  an  aesthetic  one,  and  that  the 
sensory  substratum  of  nerve  action  is  the  memory 
of  former  movements,  by  virtue  of  the  impressions 
received  from  the  moving  parts.  He  therefore 
invented  the  term  kinsesthesis,  which  very  suitably 
expresses  not  only  the  memory  of  movement,  but 
also  the  idea  that  this  nerve  action  starts  on  the 
afferent  or  sensory  side  of  the  nerve  centre.  The 
experimental  examination  could  not  be  performed 
clearly  until  the  application  of  the  electrical  method, 
consequently  the  opinions  I  shall  advance  are  as  yet 
those  founded  only  on  the  experiments  of  Mr.  Gotch 
and  myself  However,  they  were  so  clear  and  constant, 
that  they  leave  in  our  minds  no  doubt  of  the  truth  of 
the  proposition  of  Dr.  Bastian  which  they  so  markedly 
emphasise.  I  must  briefly  summarise  these  facts,  as 
time  will  not  permit  me  to  detail  them  at  length. 
In  the  first  place  we  found  that  the  excitation  of  the 
spinal  nerve  centres  was  conveyed  up  the  cord  as  a 
stream  of  nerve  impulses  in  the  posterior  half  of  that 
organ  and  not  in  the  ventral  side:  but  much  more 
striking  evidence  is  to  hand.  To  our  surprise 
and,  I  must  add,  strongly  against  our  preconceived 
notions,  we  discovered  that  the  nerve  energy  of  a 
discharging  nerve  centre  overflowed  down  the 
posterior  or  afferent  roots,  as  well  as  of  course 
going  down  the  ordinary  efferent  paths.     This  shed 
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at  once  a  new  light  on  the  whole  subject  as  to  the 
source  of  energy  in  the  nerve  centres,  because 
knowing,  as  we  did  from  our  other  experiments, 
that  impulses  would  pass  up  most  easily  the  pos- 
terior side  of  the  spinal  cord  and  would  only  issue 
through  the  nerve  centres  in  a  very  diminished 
degree,  it  was  clear  that  the  field  of  conjunction  must 
afford  a  considerable  block,  and  that  therefore,  if  there 
was  an  overflow  down  the  posterior  roots,  that  over- 
flow could  only  be  reasonably  surmised  to  come  from 
a  source  of  energy  situated  in  the  aflerent  side  of  the 
centre.  It  occurred  to  us  to  test  this  by  a  new  way 
altogether,  and  that  was  to  see  whether  nerve 
impulses  would  pass  backwards  through  a  nerve 
centre.  This  we  eflected  very  easily  by  simply 
applying  our  electrodes  to  the  eflerent  or  so-called 
motor  channel — namely,  the  anterior  root — and 
connecting  the  upper  part  of  the  spinal  cord  with 
the  galvanometer  so  as  to  reveal  the  slightest 
amount  of  nerve  impulses  that  might  pass  up  the 
cord.  We  then  discovered  that  nothing  whatever 
passed  up  the  spinal  cord  when  we  thus  excited  the 
anterior  root.^^  The  block  therefore,  that  we  spoke 
of  just  now,  as  existing  in  the  field  of  conjunction 
must  be  of  a  very  extreme  character  for  anything 

^^  This  result  was  accurately  foreshadowed  by  Prof.  James  in  his  remark- 
able work  on  "  The  Feeling  of  Effort,"  1880. 
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ill  the  way  of  an  impulse  trying"  to  pass  backwards 
from  the  large  nerve  cells  of  the  anterior  hom.  In 
this  way  you  see  we  are  brought  logically  back  again 
to  our  original  position — viz.,  that  it  is  the  afferent 
side  of  the  nerve  centre  which  is  the  source  of  nerve 
energy.  I  cannot  do  better  now  than  conclude  this 
general  discussion  of  the  behaviour  of  a  simple  nerve 
centre  like  that  found  in  the  spinal  cord  than  by 
illustrating  a  simple  reflex  act.  The  commonest 
example,  that  one  can  think  of,  is  the  sudden  with- 
drawal by  us  of  our  hand  if  we  touch,  or  come  in  painful 
contact  with,  any  object,  or  the  involuntary  closure  of 
the  eyelids  when  any  object  touches  the  eyelashes  or 
the  surface  of  the  eye.  In  the  lower  animals,  as  is 
well  known,  the  spinal  nerve  centres  are  so  highly 
organised  that,  as  in  the  tortoise  or  in  the  frog,  the 
beheaded  animal  even  is  perfectly  able  to  move  its 
limbs  in  response  to  external  stimulation.  Until 
such  external  excitation  is  applied  the  limbs  are 
motionless  and  flaccid,  but  the  moment  a  stimulus  is 
sent  to  the  cord,  by  touching  the  foot  for  instance,  the 
cord  reacts  by  sending  impulses  to  the  muscles  and 
the  result  is  a  movement  of  the  leg  that  is  irritated, 
that  is  to  say  of  the  one  on  the  same  side  as  the 
stimulation.  Then  if  that  be  held  so  as  to  pre- 
vent its  moving,  the  other  leg  begins  to  move  and 
to  thrust  away  the  stimulating  object.  In  other 
words,  the  impulse  has  spread  across  the  cord  from 
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the  same  or  stimulated  side  to  the  opposite  side.  If 
we  go  further,  and  confine  that  leg  also  while  con- 
tinuing the  stimulation,  the  fore  leg  on  the  same  side 
as  the  stimulation  will  begin  to  move,  and  then  after 
that  the  muscles  innervated  by  the  medulla  oblongata 
or  bulb,  and  later  on,  the  fore  leg  of  the  opposite 
side.  This  remarkable  arrangement  of  the  activity 
of  the  nerve  centres  was  discovered  long  ago  by 
Pflliger  and  formiulated  by  him  in  certain  well-known 
Gesetze  or  Propositions.  Thus,  in  the  first  place, 
he  discovered  that  if  an  excitation  passed  up  a 
sensory  nerve  it  was  first  reflected,  as  we  say,  along 
a  nerve  fibre  belonging  to  the  same  segment.  Next, 
that  if  the  fibre  excited  belonged  to  any  part  of  the 
spinal  cord  the  impulse  would  always  tend  to  ascend 
and  excite  the  centres  in  succession,  as  they  lay 
higher  than  the  points  stimulated,  until  the  bulb 
was  reached,  when  the  action  sto23j)ed,  or  rather, 
the  excitation  being  continued,  spread  over  to  the 
opposite  side.  Pflliger  also  discovered  the  interest- 
ing fact  that  when,  on  the  contrary,  any  cranial 
nerve  were  stimulated,  the  excitation  did  not  tend 
to  pass  upwards  (i.e.  forwards),  but,  on  the  con- 
trary, downwards  towards  the  bulb.  This  shows 
that  the  spinal  nerve  centres  are  gathered 
together  more  intimately  for  the  passage  of  up- 
ward— i.e.,  centripetal — impressions  than  for  the 
converse. 
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LECTURE  VIII. 

I  PROPOSE  in  this  lecture  to  continue  the  considera- 
tion of  the  manner  in  which  the  nerve  centres  are 
built  up  together  in  the  spinal  cord,  and  the  manner 
in  which  they  are  concentrated  in  the  medulla 
oblongata,  or  bulb,  at  the  upper  end  of  the  cord. 
For  this  we  can  conveniently  start  by  again  noticing 
that,  for  each  piece  of  cord  which  lies  opposite  a 
vertebra,  there  are  a  pair  of  nerves,  one  nerve  on 
each  side  (see  Fig.  42).  These  nerves  leave  the 
spinal  canal,  which  encloses  the  spinal  cord,  by  the 
so-called  intervertebral  foramina,  which  are  the  little 
spaces  between  the  arches  of  each  of  the  vertebrae. 
These  spinal  nerves  have  therefore  been  enumerated 
and  classified  according  to  the  vertebrae  opposite 
which  they  lie,  or  rather  by  the  vertebrae  between 
which  they  issue.  Owing  to  the  fact  that  the  skull 
as  a  segmented  part  of  the  body  has  become  greatly 
altered  in  the  process  of  evolution,  it  will  be  better  to 
neglect  the  cranial  nerves  for  the  present.  There 
are  eight  spaces  to  be  provided  for,  as  far  as  the 
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CI)  =  Cerebral  hemisphere.  Po 

V  —  Medulla  oblongata,  or  bulb.    SjyC 
SpD  =  Dorsal  part  of  spinal  cord. 
<b^;L  =  Lumbar  enlargement  of  cau 

spinal  cord.  2) 

r  =  Rib  cut  across. 
Sif  =  Sympathetic  nerve.  C 

i)  =  Dorsal  region  of  spine.  L 

S  =  Sacral  region  of 
The  nerves  after  they  leave  the  cord 


=  Pons  Varolii. 

=  Cervical  or  neck  enlarge- 
ment of  spinal  cord. 

=  Cauda  equina. 

=  Pedicle  of  vertebra  cut 
through. 

=  Cervical  region  of  spine. 

—  Lumbar         „  „ 

spine. 

are  represented  black. 
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cervical  or  neck  region  is  concerned,  hence  we  find 
that  instead  of  seven  cervical  nerves  (i.e,  corre- 
sponding to  the  vertebrae)  there  are  eight.  In  the 
dorsal  reofion  or  back,  the  vertebrae,  which  carrv  the 
ribs,  and  which  thus  make  up  the  chest,  are  spoken 
of  as  dorsal  vertebrae,  hence,  each  of  the  nerves  which 
runs  forwards  between  the  ribs,  and  is  therefore  called 
an  intercostal  nerve,  is  at  its  origin  a  dorsal  nerve. 
Then  descending  the  spine  we  come  to  the  lumbar 
vertebrae  and  sacral  vertebrae,  the  nerves  correspond- 
ing- to  which  take  their  origin  from  the  lumbar 
enlargement  of  the  spinal  cord  and  supply  the  abdo- 
men, and  also  by  joining  themselves  together  into 
the  great  sciatic  nerve,  furnish  the  whole  peripheral 
system  for  the  lower  limbs.  The  compact  bundle  into 
which  the  lowest  nerve  roots  run  down  from  the 
spinal  cord  is  spoken  of  as  the  cauda  equina,  owing 
to  its  resemblance  to  a  horse's  tail.  The  nerves, 
however,  when  they  leave  the  spinal  canal,  are 
combined  together  before  giving  off  theii'  branches 
to  the  limb  and  some  of  the  trunk  muscles,  and 
these  combinations  are  called  plexuses. 

We  are  now  in  a  position  to  review  the  functions 
of  all  these  spinal  nerves,  and  we  will  complete  our 
description  of  the  centres  from  which  they  take 
orio-in,  seriatim,  before  we  discuss  the  nerves  and 
nerve  centres  which  arise  from  the  central  apparatuses 
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in  the  medulla  oblongata  or  bulb.  In  thus  selecting, 
as  it  were,  one  part  of  the  bulbo-spinal  apparatus  for 
consideration  without  regard  to  the  other,  we  shall 
not  be  doing  so  much  violence  to  the  general  plan  of 
organization  of  the  nervous  system  as  might  other- 
wise appear,  inasmuch  as  although  the  character  of 
the  functions  of  the  two  parts  is  so  very  much  alike, 
the  divisions  of  the  body  and  organs,  which  they 
supply,  are  so  highly  specialised  in  the  case  of  the 
cranial  nerves  that  they  can  very  justly  be  placed  in 
a  separate  division. 

Kinds  of  Function  to  he  provided  for. 

I.  Movement. — Of  all  the  various  duties  of  the 
nerve  centres  in  the  spinal  cord,  which  communicate 
with  the  body  by  the  spinal  nerves  just  described,  the 
first  and  most  important  is  that  of  movement.  To 
make  my  description  and  classification  of  these 
centres,  as  regards  the  movements  they  regulate 
and  produce,  complete,  it  would  be  necessary  for 
you  to  be  thoroughly  acquainted  with  the  muscles, 
which  are  the  real  mechanical  instruments  em- 
ployed for  this  purpose.  This,  however,  in  its 
entirety  means  an  endless  study,  theoretically  and 
practically,  seeing  that  there  are  some  three  hun- 
dred muscles  in  the  body.     Fortunately,  it  is  not 

M 
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necessary  to  know  them  all,  it  suffices  if  we  realise 
the  sort  of  movements  that  have  to  be  provided 
for.  We  must  notice  these  a  little  closely,  inas- 
much as  when  we  come,  subsequently,  to  the  local- 
isation of  function  in  the  cortex  of  the  brain,  the 
nature  of  the  movements  therein  localised  is  quite 
as  much  a  matter  of  interest  and  importance  as 
the  particular  part  of  the  body  moved.  In  other 
words,  although  we  do  not  have  to  learn  the  exact 
position  of  each  muscle,  we  must  know  the  vary- 
ing kinds  of  movements  in  general.  Now  the 
character  of  a  movement  depends  on  the  nature  of 
the  joint  which  is  in  action,  for  if  that,  like  the  elbow 
joint,  is  a  simple  hinge,  then  the  only  movements 
that  have  to  be  provided  for  are  flexion  or  bending 
and  extension  or  straio-htenino;'.  And  on  the  other 
hand,  if  the  joint  is  a  ball  and  socket  joint,  like  the 
hip,  then  obviously  we  shall  have  not  only  flexion 
and  extension,  but  shall  also  find  that  the  limb 
can  be  carried  away  from  or  towards  the  middle 
line  of  the  body — i.e.,  abducted  or  adducted,  res- 
pectively ;  further,  that  it  can  be  rotated  in  and 
out,  or  that  it  can  be  made  to  describe  a  circle — 
i.e.,  circumducted.  So  much  for  the  character  of  the 
movements  of  the  different  parts. 

With  reference  now  to  the  parts  which  themselves 
move,  I  may  perhaps  remind  you  that  anatomically 
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we  are  in  the  habit  of  dividing  the  upper  hmb  into 
the  arm — i.e.,  from  the  shoulder  to  the  elbow,  the 
fore  arm,  the  wrist,  the  hand,  the  fingers,  and  the 
thumb,  the  first  finger  being  spoken  of  as  the  index 
finger  ;  similarly,  with  the  lower  limb  we  speak  of  the 
thigh  between  the  hip  and  the  knee,  the  leg  from 
the  knee  to  the  ankle,  the  ankle,  the  foot  and  the 
toes,  and  the  great  toe  is  spoken  of  as  the  hallux. 
These  different  parts  of  the  limb  are  each  limited  by 
joints,  and  are  looked  upon,  therefore,  properly  as 
segments  of  it.  In  considering,  therefore,  the 
localisation  of  the  centres  which  preside  over  the 
movements  of  the  limbs,  we  must  think  of  the  latter 
as  divided  into  these  various  segments,  inasmuch  as 
the  localisation  of  the  movements  of  each  has  been 
made  out  both  in  the  spinal  cord  and  in  the  brain. 

As  far  as  the  spinal  cord  is  concerned,  its  evolu- 
tion is  so  closely  wrapped  up  with  that  of  the  parts 
mentioned,  that  it  is  more  convenient  by  far  to 
divide  these  nerve  centres  according  to  the  seg- 
ments ah-eady  detailed.  The  first  investigators  to 
throw  light  upon  this  subject  were  Professors 
Ferrier  and  Yeo,  who  discovered  that,  in  the  spinal 
cord  of  the  monkey,  the  cervical  and  lumbar  en- 
largements or  swellings  of  the  cord  were  respec- 
tively the  seats  of  nerve  centres  for  the  difierent 
groups  of  muscles  which  moved  the  segments  of  the 
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limbs.  They  were  followed  In  their  work  by  others, 
especially  Erb,  Forgue,  Beevor,  &c.,  and  the  outcome 
of  these  observations,  as  well  as  the  anatomical  ones 
of  Paterson  and  Herringham,  has  shown  that  the 
divisions  of  the  spinal  cord  correspond  with  those 
of  the  limbs,  in  such  a  way  that  the  uppermost 
divisions  of  the  limbs  have  correspondingly  the 
higher  centres  in  the  spinal  cord,  and  the  lower 
we  q:o  down  the  limb  the  lower  are  its  centres 
in  the  spinal  cord.  A  good  example  of  this  is  to 
be  found  in  the  case  of  the  upper  limb,  for  the  piece 
of  the  cord  which  contains  the  centres  for  it 
extends  from  the  fifth  cervical  nerve  to  the  first 
dorsal  inclusive.  Of  the  nerve  centres  in  this  piece, 
the  highest — viz.,  those  in  connection  with  the  fifth 
and  sixth  nerves — are  the  ones  which  regulate  the 
movements  of  the  shoulder  joint,  whereas  the  move- 
ments of  the  thumb  are  provided  for  by  the  eighth 
cervical  and  the  first  dorsal  nerves.  So  too  for  the 
hip  and  great  toe  which  are  respectively  provided 
for  in  the  upper  and  lower  parts  of  the  lumbar 
enlargement.  The  arrangement  of  the  centres  for 
the  character  of  movement  is  conditioned  in  pretty 
much  the  same  way.  As  far  as  the  upper  limb,  for 
example,  is  concerned,  flexion  is  the  rule  in  the 
upper  half  of  the  cervical  region  of  representation  ; 
and    extension    or    straightening    is    proportionally 
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marked  in  the  lower  part.  Of  course  the  nerve 
centres  In  the  dorsal  region  of  the  spinal  cord,  as 
compared  with  those  in  the  cervical  and  lumbar 
enlargements,  are  necessarily  smaller  and  relatively 
insiofnificant,  inasmuch  as  the  muscles  which  thev 
supply,  being  simply  those  for  the  movements  of 
the  ribs,  are  greatly  limited  in  their  actions. 

2.  Sensation. — The  next  important  duty  of  the 
nerve  centres  in  the  spinal  cord  is  to  provide  for  the 
proper  transmission  and  grouping  together  of  sensorv 
or  afferent  impulses.  I  am  very  particular  to  sav 
afferent,  because,  as  a  matter  of  fact,  whereas  we 
find  that  if  certain  nerves  are  paralysed,  there  is  in 
consequence  loss  of  sensation  to  touch,  to  changes  of 
temperature,  and  to  pain,  yet  it  would  appear,  from 
the  researches  of  Goldscheider  in  particular,  that 
these  functions  have  a  special  channel — or,  at  any 
rate  sjDecial  nerve-endings  in  the  skin.  Whether 
they  also  have  stations  of  their  own  in  the  spinal 
cord,  wherein  they  are  collected,  arranged,  and  trans- 
ferred to  the  brain,  we  do  not  know,  but  of  course 
it  would  seem  likely.  We  do  know  that,  on  the 
whole,  if  the  limbs  be  divided  into  a  front  and  outer 
half,  and  a  posterior  and  inner  half,  that  the  sensa- 
tion of  these  two  halves  is  represented  differently 
in  the  spinal  cord,  and  that,  for  example,  the 
sensory  impulses  of   the   front  and   outer  parts    of 
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the  limbs  travel  to  the  upper  parts  of  the  enlarge- 
ments for  the  respective  nerve  centres  of  the 
members. 

One  special  form  of  sensation  and  its  localisation 
in  the  spinal  cord  I  particularly  wish  to  allude  to, 
while  the  representation  of  movement  is  fresh  in  our 
minds,  because  it  also  becomes  of  surpassing  interest 
when  we  discuss  the  functions  of  the  brain,  I  mean 
the  afferent  impressions,  which  we  receive  from 
the  parts  of  our  body  which  are  in  active  movement, 
^i.e.,  from  the  muscles  contracting,  from  the  tendons 
pulled  upon,  and  from  the  joints  which  are  pressed 
or  stretched.  These  impressions  collectively  make 
up  what  is  popularly  called  the  muscular  sense, 
and  they  form,  as  we  shall  subsequently  see,  the 
basis  of  every  finely  graduated  movement ;  in  this 
way  they  make  up  what  we  call  practice  and  skilful 
dexterity.  But  what  is  of  special  interest  as  re- 
gards their  development  in  the  spinal  cord  is  their 
employment  in  the  muscular  act  of  standing  up- 
right. When  we  lose  our  consciousness,  as  every 
one  is  well  aware,  we  fall,  we  do  so  because 
our  muscles  are  no  longer  actively  superintended 
by  the  nerve  centres  of  the  spinal  cord  and  the 
cerebellum  (and  probably,  to  a  certain  extent,  of  the 
cerebrum).  The  absence  of  the  active  contraction 
of  the  muscles  causes  the  joints  to  relax,  and  hence 
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the  body  to  collapse.  Between  this  condition  of 
total  disorganisation  and  the  normal  condition,  there 
is  to  be  seen  in  disease  every  stage,  and  hence  it 
follows  that  we  may  have  only  those  particular 
fibres  paralysed  which  are  most  especially  connected 
w^ith  this  important  duty  of  preserving  the  proper 
relations  between  the  impressions  which  are  called 
the  muscular  sense,  and  the  muscular  contractions 
which  secure  the  proper  equilibrium  of  the  joints. 
Under  these  circumstances,  although  the  person 
does  not  fall,  he  nevertheless  staggers,  and  the 
limbs  are  moved  about  in  a  very  jerky  and 
characteristically  uncontrolled  manner.  This  con- 
dition is  spoken  of  as  ataxy,  and  the  disease  which 
gives  rise  to  it  is  called  tabes.  We  shall  see  pre- 
sently the  paths  of  conduction  of  these  impressions, 
and  therefore  we  can  postpone  the  further  con- 
sideration of  this  matter,  merely  observing  that  it 
is  not  unlikely  that  what  undoubtedly  occurs  in  the 
lower  animals,  such  for  instance  as  in  the  frog,  may 
partly  also  be  present  in  man,  and  that  the  lower  or 
bulbo- spinal  centres  may  contain  within  themselves 
the  proper  organisation  of  both  afferent  and  efferent 
parts  for  the  harmonious  production  of  some  of  our 
so-called  complicated  acts  or  movements. 

3.  Muscular  Tone. — There  is  a  small  matter  or 
duty  which    is    attended    to    and    provided    for    by 
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all  the  spinal  nerve  centres  which  have  to  do 
with  movement,  and  that  is  the  preservation  of 
muscular  tone.  I  alluded  to  this  before  in 
speaking  of  the  nervous  system  in  the  medusre, 
and  I  showed  you  Avhat  was  meant  by  tonic 
contraction,  such  as  was  first  seen  in  the  jelly- 
fish by  Komanes.  You  will  remember  that  the 
polypite  of  Sarsia  underwent  relaxation  if  the 
little  nerve  centres  in  the  margin  of  the  bell  were 
removed.  So  it  is  with  the  muscles  of  all  the  higher 
animals,  they  relax  if  they  no  longer  receive  dis- 
charges from  the  nerve  centres.  It  is  hardly  necessary 
to  say  that,  since  we  cannot  have  an  effect  with- 
out a  cause,  these  constant  discharges  of  the  nerve 
centres  disappear  under  ordinary  circumstances  if 
the  afferent  channels  leadinu-  to  them  are  inter- 
rupted  or  destroyed.  As  Claude  Bernard  found, 
if  the  posterior  or  afferent  roots  were  divided,  all 
the  muscles  supplied  by  the  particular  centres  of 
which  the  nerve  roots  had  been  cut  became  relaxed 
The  same  thing,  of  course,  is  produced  in  a  very 
marked  degree  if  the  motor  nerve  to  a  muscle  is 
similarly  divided.  We  do  not  know  the  circum- 
stances to  meet  which  this  constant,  and,  therefore, 
important  physiological  fact  has  been  developed. 
Its  existence  is  certainly  conducive  to  quick  and 
efficient   contraction  of  the  muscles,  the  functional 
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activity  of  which  is  enhanced  by  their  tissue  being-  a 
little  stretched. 

A  striking  example  of  the  flaccidity  of  the  muscles 
brought  about  by  the  destruction  of  the  nerve 
centres  is  seen  in  a  disease  called  infantile  paralysis, 
which  attacks  young  children,  and  in  Avhich  the 
efferent  part  of  the  nerve  centres,  ac,  seems  unfortu- 
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nately  to  be  picked  out  by  the  disease  and  destroyed, 
as  you  see  in  the  accompanying  figure  (Fig.  43). 

Under  these  circumstances  the  muscles  of  the 
paralysed  limb  are  absolutely  lax  and  the  joints  con- 
sequently become  unfortunately  distorted. 

4.  Nerve  Supply  of  Blood-vessels. — The  next  duty 
of  the  spinal  nerve  centres,  that  must  occupy  our 
attention  for  a  little  time,  is  that  of  the  re- 
markable apparatus,  which  forms  the  ground  work 
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of  the  gTeat  experimental  discovery  made  by 
Claude  Bernard,  whicli  we  are  in  the  habit  of 
speaking  of  as  the  vaso-motor  system.  The  blood- 
vessels of  the  body  (both  arteries  and  veins)  in  their 
smaller  branches  are  rarely  of  the  same  diameter 
many  moments  together.  It  has  been  shown  by 
Wharton  Jones  and  Loven  that  the  vascular  trunks 
or  tubes  undero-o  alternate  contractions  and  ex- 
pansions  in  a  fairly  rhythmical  manner  ;  further 
it  was  discovered  by  Bernard  that  in  conse- 
quence of  afferent  impressions  conducted  to  the 
spinal  nerve  centres,  the  arteries  of  a  part  may 
dilate,  and  that  region  consequently  contain  more 
blood  than  before,  or,  on  the  contrary,  the  vessels 
mav  contract  and  the  part  become  pale  and  ansemic. 
The  lii'st  of  these  latter  phenomena  is  called  vaso- 
dilatation and  the  second  vaso-constriction.  Each 
of  the  spinal  nerve  centres  apparently  possesses 
this  property  to  a  greater  or  less  extent,  but,  as  I 
pointed  out  to  you.  the  fibres  which  concern  them- 
selves with  the  size  of  the  blood-vessels  leave  the 
spinal  cord — i.e.,  the  spinal  nerve  centres — by  means 
of  the  dorsal  nerves  more  especially,  an  arrangement 
which,  as  I  have  pre%'iously  mentioned,  seemed  to 
be  conditioned  bv,  more  than  anything  else,  the 
greater  importance  of  the  vascular  supply  of  the  in- 
ternal organs,  inasmuch  as  the  functions  of  the  body 
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which  are  absolutely  essential  to  life  are  by  this 
means  regulated  and  efficiently  adjusted  to  its 
needs.  To  give  you  an  idea  of  the  remarkable 
power  and  influence  of  this  system,  I  may  mention 
that  in  some  animals  in  which  it  seems  to  be  well 
developed,  and  in  whom  the  alimentary  canal,  for 
example,  is  of  special  importance,  such  for  instance 
as  in  the  rodents,  if  the  nerves  which  run  from  the 
spinal  centres  for  vaso-constriction  are  divided  (and 
these  are  termed  the  splanchnic  nerves)  the  result  is 
to  produce  such  an  extreme  and  extensive  dilatation 
of  the  vessels  in  the  abdominal  viscera  that  practically 
all  the  blood  of  the  body  collects  therein,  and  the 
animal  will  die  because  not  enough  blood  gets  to  the 
brain,  lungs,  and  other  important  centres  of  life. 
In  short,  as  has  been  appropriately  said,  in  this  case 
it  is  just  as  though  the  animal  had  died  from  loss  of 
blood,  though  the  blood  had  passed  not  out  of  the 
body,  but  merely  into  this  particular  system  of  blood- 
vessels. 

The  little  centres,  therefore,  which  preside  over 
this  function  are  dotted  all  down  the  spinal  cord  in 
each  segmental  division  of  it,  the  points  at  which 
they  are  especially  connected  being  the  beginning  of 
the  dorsal  region,  and  the  places  where  the  first  two 
or  three  lumbar  nerves  start  from  the  lumbar  en- 
largement. 
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5.  Secretion. — The  spinal  nerve  centres,  like 
efferent  centres  elsewhere,  when  actively  stimulated 
can  determine  the  process  of  secretion  by  the  glands 
of  the  body,  thus  revealing  a  further  function  which 
they  subserve. 
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LECTURE  IX. 

We  come  now  to  consider  finally  : 

a.  The  arrangement  of  the  foregoing  centres  in 
the  Bulb  or  Medulla  oblongata. 

h.  The  arrangement  of  the  conducting  channels  in 
the  cord. 

The  arrangement  of  the  centres  in  the  bulb  and 
the  grey  matter  of  what  is  called  the  mesencephalon  is 
in  no  way  peculiar.  These  centres,  like  those  of  the 
spinal  cord,  are  simply  stations  for  the  reception  and 
giving  out  respectively  of  afferent  and  efferent  im- 
pulses, and  the  only  point  in  which  they  differ  from 
the  spinal  centres  is  that  they  are  usually  spoken  of 
according   to   the   number  or  name  of  the  cranial 

o 

nerve  with  which  they  are  in  relation.  The  names 
of  these  nerves  partly  interpret  their  function,  and 
they  are  numbered  in  order  from  before  backwards, 
as  follows  : — 

1.  Olfactory. 

2.  Optic. 

3.  Oculo-motor. 
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Fig.  44. 


Human  embryo. — His.     Showing  the  peripheral  nerves. 

Ill  to  XII  =  The  crania]  nerves  in  order  from  the  third  to  the  twelfth. 
Cb  —  Developing  cerebral  hemispheres. 
m  =  Mid  brain. 
4  =  Fourth  ventricle. 

b  —  Commencement  of  bulb,  or  meduUa  oblongata. 
C(i  to  8)  —  The  cervical  nerves  and  ganglia  on  their  posterior  roots. 
Z>  (i  to  12)  =  The  dorsal  „  „  ,,  ,, 

L  (i  to  5)  =  The  lumbar  „  ,,  „  ,, 

^S'(i  to  5)  =  The  sacral  „  ,,  „  „ 

Co  {i  to  2)  =  The  coccygeal       „  „  „  „ 

Ht  —  Ventricle  of  heart. 
i  —  Intestine. 
is  =  Sciatic  nerve  cut  at  its  origin. 
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4.  Oculo-niotor.     Trochlear. 

5.  Trigeminal  sensory  and  motor. 

6.  Oculo-motor. 

7.  Facial  motor. 

8.  Auditory. 

9.  Glosso-pharyngeal. 

10.  Vagal. 

1 1 .  Spinal  accessory. 

12.  Hypoglossal. 

All  these  nerves,  in  some  measure  or  other,  are 
comparable  to  the  anterior  or  posterior  roots  of  the 
spinal  nerves,  but  what  that  relation  is,  is  not  yet 
known  in  its  completeness. 

The  way  in  which  these  centres  are  grouped 
is  also  a  little  different  from  the  spinal  centres, 
inasmuch  as  they  are  placed  relatively  one  to  the 
other  in  groups  and  not  merely  in  regular  order 
one  above  another.  This,  as  will  be  seen  directly, 
is  merely  a  convenience  on  account  of  the  varied 
functions  they  have  to  subserve,  and  owing  to  the 
fact  that  some  of  them  are  in  relation  with  even 
the  most  distant  parts  of  the  body.  A  good  example 
of  the  way  in  which  they  are  grouped  and  specialised 
is,  I  think,  the  centre  of  the  oculo-motor  nerves. 
This  term  oculo-motor  is  usually  reserved  only  for 
the  third  nerve,  but,  as  a  matter  of  fact,  the 
fourth   and  the  sixth  both   supply  muscles  of  the 
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eyeball  for  moving  that  organ-  From  the  experi- 
ments of  Hensen  and  others  on  the  lower  animals, 
we  know  that  there  is  not  only  a  bulbo-spinal 
arrangement  of  centres  for  the  movements  of  the  eyes 
to  direct  the  field  of  vision,  but  also  an  apparatus 
to  control  the  movements  of  the  pupil  (which,  as  you 
know,  is  simply  the  hole  in  the  iris,  the  little  dia- 
phragm in  the  eye  which  cuts  off  excessive  rays),  and 
at  the  same  time  a  muscle,  which,  by  contracting 
or  relaxing,  alters  the  shape  of  the  lens,  and  focuses 
objects  of  near  or  far  distance.  This  arrangement 
is  called  the  mechanism  of  accommodation.  The 
little  centres  which  provide  for  the  proper  combined 
action  of  all  these  parts  you  see  situated  in  the  grey 
matter  of  what  is  called  the  aqueduct  of  Sylvius,  but 
which  is  nothing-  more  than  a  continuation  of  the 
central  canal  of  the  spinal  cord.  I  have  another 
reason  for  drawing  your  attention  to  this  bulbo- 
spinal apparatus  for  the  third  nerve,  since  when  we 
come  to  study  the  arrangements  in  the  cortex  cerebri 
for  the  movements  of  the  eyes  we  shall  see  that  the 
centres  therein  placed  are  relatively  of  great  import- 
ance and  extent. 

Passing  down  the  list  of  the  cranial  nerves  and 
their  centres  we  can  leave  out  of  count  the  fifth, 
because  that  is  after  all  merely  a  combination  of 
sensory  and  motor  channels  for  the  parts  about  the 


LECT.  IX.  OF   THE   NERVOUS   SYSTEM.  193 

jaws  and  tongue,  and  so  also  we  need  not  dwell  upon 
the  centre  for  the  facial  nerve  since  that  simply 
provides  for  the  movements  of  the  muscles  of  the 
face — i.e.,  for  respiration,  mastication,  &c.  Coming- 
to  the  next  nerve,  the  eighth  or  auditory  nerve,  we 
do  find  here  material  for  special  interest.  Not  as  far 
as  mere  hearing  is  concerned,  since  that  naturally  is 
only  a  variety  of  sensory  or  afferent  impulses,  but 
because  of  another  and  most  important  function 
which  it  has  to  perform.  I  have  already  spoken  to  you 
of  the  fact  that  the  cerebellum  or  small  brain  is  that 
part  of  the  encephalon  which  chiefly  regulates  the 
movements  of  the  muscles,  so  that  we  should  stand 
upright  and  walk  straight,  when  need  be,  without 
troubling  our  attention  for  the  purpose.  And 
further  I  have  already  suggested  that  the  cerebellum 
gets  the  information  it  requires,  as  to  the  position 
of  the  various  parts,  from  the  contractions  of  muscles 
or,  as  they  have  been  called,  muscular  sense  impress- 
ions. This  is  not  all  however.  It  requires  a  more 
delicate  apparatus  than  this  for  the  appreciation  of 
the  position  of  the  body  in  space.  To  effect  this 
completely  there  is  a  special  arrangement  by  means 
of  which  the  cerebellum,  through  the  agency  of  the 
eighth  or  auditory  nerve,  is  kept  informed  of  the 
position  of  the  head.  Now  it  is  universally  agreed 
that  there  are  but  three  dimensions  of  space — ^.e., 
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length,  breadth  and  height.  Or,  if*  we  are  to  put  it 
in  other  words  for  oui-  present  pui'pose,  the  estimation 
by  the  brain  of  its  position  in  space  will  be  provided 
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A'ertical  section  (diagrammatic)  of  ear. 

AG  =  External  meatus,  or  channel  of  ear. 
T  =  Drum.     In  section. 
P  =  Middle  ear  of  tympanum, 
s,  a,  h  =  Cssicles — i.e.,  little  bones  of  ear. 

Y  =  Vestibule.     From  this  branch  upwards  the  tliree 
semicircular  canals. 
The  spiral  is  the  cochlea,  for  appreciation  of  tones.     The  audi- 
tory nerve  is  not  shown,  but   pierces  the  bone  at  F  to  reach  the 
bases  of  the  semicircular  canals  and  cochlea. 

for,  if  the  apparatus  devised  can  tell  when  the  head 
is  being  moved  up  and  down,  forwards  and  backwards, 
and  from  side  to  side.  This  is  accomplished  by  an 
arrangement  of  three  little  canals,  which  from  their 
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shape  are  called  semicircular,  and  which  are  situated 
in  connection  with  the  ear,  in  the  same  bone,  the  ear 
bone.  These  little  canals  consist  of  a  vertical  one,  a 
horizontal  one  and  an  obliquely  directed  one,  as 
shown  in  the  diagram,  and  they  contain  fluid,  which 
is  capable  of  irritating  the  ends  of  the  auditory  nerve 
by  means  of  its  movements  according-  as  the  canal  is 
tipped  in  any  given  direction. 

A  large  ]3art  of  the  auditory  nerve  consequently 
forms  the  receiving  organ  of  the  impressions  pro- 
duced by  the  movement  of  the  fluid  according  to  the 
position  of  the  head.  It  transmits  those  impressions 
to  its  centre  in  the  medulla  and  thence  to  the  cere- 
bellum. When  the  fluid  in  these  little  canals  is 
violently  agitated,  as  in  a  sea  voyage  or  in  a  swing 
or  other  ways,  then  the  person  feels  giddy,  the  cere- 
bellum becomes  as  it  were  bewildered  and  other 
symptoms  appear,  which  are  due  to  the  excitation 
spreading  in  the  bulb  to  the  next  centre — viz. ,  that 
of  the  vag*us. 

The  sense  of  taste  is  provided  for  bv  sundrv 
other  nerves — namely,  the  ninth  nerve,  or  glosso- 
pharyngeal (the  next  to  the  auditory  just  described), 
together  with  a  branch  of  the  fifth  nerve  alreadv 
mentioned,  by  means  of  which  the  hind  part  and  the 
fore  part  of  the  tongue  are  respectively  able  to 
taste  substances. 
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We  come  now  to  the  study  of  the  centres  of  the 
vagus  nerve,  and  we  may  as  well  couple  with  it  the 
upper  part  of  the  spinal  accessory.  This  is  by  far 
the  most  important  centre  that  we  have  to  deal  with, 
for  the  vagus  nerve,  as  is  shown  in  diagram  (Fig.  28) 
supplies  not  only  the  lungs  and  the  heart,  but  also  the 
alimentary  canal,  and  it  is  because  it  has  all  these 
diverse  duties  to  perform,  that  it  becomes  the  most 
influential  nerve  in  the  whole  body,  and  as  we  shall 
see  presently,  destruction  of  its  centre  in  the  medulla 
oblongata  is  a  fatal  event.  You  m^U  observe  that  I 
am  speaking  all  along  of  the  centres  of  origin  of  each 
of  the  cranial  nerves,  but  when  we  come  to  regard 
those  for  the  vagus,  we  discover  that  we  are  not 
yet  quite  able  to  say  that  such  and  such  a  path 
of  it,  or  connections  of  nerve  cells,  are  reserved  for  the 
function  of  respiration  or  for  the  i-egulation  of  the 
heart  respectively.  Therefore,  it  has  long  been  the 
custom  to  speak  of  a  respiratory  centre  and  of  a 
cardiac  centre,  &c.  &c.,  using  these  terms  to  cover 
our  want  of  exact  knowledge  as  to  which  division  of 
the  structure  it  is  to  which  we  can  refer  the  function 
about  which  we  actually  know  more.  T  shall  there- 
fore adopt  this  older  established  nomenclature  so  as 
to  make  what  I  have  to  say  harmonise  with  our  exact 
knowledge  and  with  customary  terminology. 
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Respiratory  Centre. 

It  is  known  from  cases  in  which  the  upper  part  of 
the  brain,  even  the  cerebral  hemispheres,  remain  un- 
developed in  certain  instances  in  various  animals, 
that  nevertheless  the  individual,  thus  very  incom- 
pletely built,  can  breathe  and  in  other  ways  live. 
In  other  words  it  is  obvious  that  the  complicated 
bellows-like  arrangement  of  expansion  and  contraction 
of  the  chest,  to  drive  the  air  in  and  out  of  the  lungs, 
must  be  regulated  by  the  bulbo-spinal  centres  in  the 
medulla  oblongata  and  in  the  spinal  cord.  But  it 
could  only  naturally  be  determined  by  dh^ect  experi- 
ment as  to  which  part  it  was  that  had  the  requii-ed 
function.  The  experiments  in  question  were  designed 
and  carried  out  in  the  most  wonderful  wav,  chiefly 
by  the  work  of  Legallois,  and  later  Rosenthal. 
Rosenthal,  by  employing  the  method  of  dividing  the 
bulb  *  at  difl!erent  levels,  proved  that  therein  was 
contained  the  central  apparatus  in  question,  that,  if 
only  it  were  intact,  regular  rhythmical  impulses  of 
the  required  rate  of  14-16  a  minute  would  pass  out 
in  order  to  eflect  the  ventilation  of  the  lungs.  It 
then  became  naturally  a  very  important  thing  to  find 
out  why  this  part  of  the  bulb  should  perform  this 
regular  and  most  important  rhythmical  action,  and 

*  Or  medulla  oblongata. 
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Avliicli  further  was  the  nerve  tract  along  which  the 
impulses  came  to  and  left  the  centre.  (Jhiefly  by 
Rosenthal's  researches  it  was  obvious  that  the  vagus 
nerve  was  par  excellence,  the  nerve  of  respiration. 
Numerous  observations  by  various  authors  confirmed 
this  view,  and  it  was  shown  bv  Herino-  and  Breuer 
that  up  the  vagus  nerve  passed  impulses  from  the 
luno-s,  accordino-  to  the  distention  of  those  organs. 
Thus,  when  thev  were  inflated  with  air,  the  respira- 
tor v  centre,  so  called,  received  impressions  which 
led  it  to  give  out  impulses  to  the  respiration  muscles 
of  an  expiratory  nature — ij'.,  driving  out  the  air 
from  the  distended  luno- :  whereas  these  authors 
found,  on  the  other  hand,  that  if  air  were  artifi- 
cially sucked  out  of  the  lung,  its  consequent  col- 
lapse caused  the  respiratory  centre  to  make  special 
inspiratory  eflbrts.  Similarly  Dr.  Semon  has  sho^^■n 
that  the  vagus  nerve  is  the  conductor  of  impulses 
from  the  lurififs,  of  such  nature  that  the  centi'cs  \n 
the  medulla  which  move  the  vocal  cords  keep  tliese 
lattei'  apart  as  far  as  j^ossible  in  quiet  respiration,  so 
that  they  should  not  obstruct  the  passage  of  air  to 
and  from  the  lung's.  It  will  naturallv  occur  to  vou 
that,  as  the  respii'atory  muscles  include  the  diaphragm, 
the  intercostal  muscles,  which  fill  the  spaces  be- 
tween all  the  ribs,  &c.,  the  spinal  centres  which 
innervate  them  must   also   be   reckoned  as  inteo-ral 
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parts  of  the  nerve  respiratory  apparatus.  And  this- 
is  doubtless  true  within  certain  hmits.  Thus,  several 
authors,  and  most  recently  Wertheimer,  have  shown 
that  if  the  spinal  cord  be  divided  just  below  the 
medulla  oblongata,  and  if,  to  provide  against  the 
consequent  total  arrest  of  breathing,  artificial  respira- 
tion be  applied  and  kept  up,  it  is  possible  to  so 
educate,  as  it  were,  the  spmal  nerve  centres  as  to 
work  them  into  a  condition  of  keeping  up  respiratory 
movements.  There  seems  to  be,  however,  some 
reason  to  think  that  these  movements  under  these 
circumstances  are  not  exactly  comparable  to  those 
evoked  by  the  centre  in  the  bulb. 

Cardiac  Cent)-e. 

We  are  now  compelled  to  pass  on  to  the  next 
fundamentally  important  centre — viz.,  that  for  the 
heart.  Now  when  we  consider  the  heart,  we  see  at 
once  that  it  does  not  require  a  special  central 
apparatus  to  keep  it  going  as  the  lungs  do,  since 
it  contains  within  itself  a  well  developed  system 
of  peripheral  ganglionic  nerve  centres,  and,  in 
addition,  its  muscular  substance  in  great  measure 
is  able  to  rhythmically  contract  under  proper  stimu- 
lation. The  representation  of  the  heart,  therefore, 
in   the  bulb  is   more   of  the   nature   of  a  provision 


200         I'lIE   STRUCTURE   AND   FUNCTIONS        lect.  ix. 

for  its  projjer  co-operation  with  the  other  organs, 
especially  the  lungs,  and  smce,  furthermore,  as  an 
organ  it  is  particularly  susceptible  to  external  im- 
pressions— e.g.,  temperature,  &c.,  and  readily  alters 
its  rate  thereby,  it  is  of  the  first  importance  that 
there  should  be  some  nerve  apparatus  equal  to  the 
task  of  regulating  its  beats,  and  acting  as  a  governoi'. 
That  apparatus  Ave  are  in  the  habit  of  speaking  of  as 
the  cardio-inhibitory  centre,  inasmuch  as  it  usually 
slows  or  stops  the  beating  of  the  heart.  This,  we 
know  (see  p.  ^i)  is  provided  by  the  vagus  nerve, 
and  when  we  turn  to  experiments,  which  have  been 
made  on  the  localisation  of  this  centre  in  the  medulla, 
we  discover  that  it  is  situated  at  the  lower  end  of 
the  cavity  of  the  fourth  ventricle,  the  floor  of  w^iich 
constitutes,  as  you  know,  part  of  the  grey  matter  of 
the  bulb,  and,  we  may  add,  the  principal  part.  The 
fourth  ventricle,  as  1  have  explained  before,  is  the 
expanded  end  of  the  central  canal  of  the  cord,  and, 
being  a  lozenge-shaped  area,  it  has  a  lowest  angle  in 
the  middle  line.  This  low^est  angle,  which  is  just 
wdiere  the  central  canal  of  the  cord  opens  out  on  the 
surface,  is,  owing  to  its  resemblance  to  the  nib  of  a 
pen,  called  the  calamus  scriptorius.  It  is  in  the 
grey  matter  just  above  this  calamus  scriptorius  that 
the  cardio-inhibitory  centre  is  seated.  Stimulation 
of  this  spot  with   an  electric  current  in  an  animal 
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will  produce  instant  arrest  of  the  heart  as  we  saw 
when  we  stimulated  the  vagus  nerve  itself.  But 
this  part  is  also  a  portion  of  the  region  which  serves 
the  respiratory  function,  and  underneath  it  pass 
many  of  the  fibres  which  go  down  to  the  centres  for 
the  movements  of  the  respiratory  muscles  low  down 
in  the  spinal  cord.  It  is  not  surprising,  therefore, 
that   Flourens  termed  this   region  of  the   bulb  the 
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The  medulla,  or  bulb,  with  the  centres  of  the  nerves  arising 
from  it. — Edwger. 

"  noeud  vital,"  inasmuch  as  any  sudden  injury  to 
this  vital  knot  caused  instant  death,  and  this  is  no 
doubt  due  to  the  simultaneous  arrest  of  the  heart 
and  of  the  respiration.  To  sum  up,  therefore,  we 
see  that  there  are  a  respiratory  centre  and  a  cardio- 
inhibitory  centre  in  the  bulb,  that  both  are  of  the 
utmost  importance,  and  that  the  latter  certainly,  and 
the  former  most  probably  corresponds  with  the 
centre  of  origin  of  the  vagus  nerve. 
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Vaso-mvtof   Coil  re. 

We  now  have  to  speak  of  a  centre,  which  has  most 
important  duties,  but  the  exact  situation  of  whicli 
ni  the  medulla  oblongata  we  do  not  know.  It 
has  for  its  dutv  the  maintenance  of  the  calibre  of 
the  blood-vessels  at  a  certain  pitch.  The  heart,  as 
vou  knoAv,  is  nothing  but  a  force  pumj)  continually 
injecting  blood  into  a  closed  system  of  tubes,  which 
we  call  the  blood-vessels.  Owing  to  its  persistent 
action  the  blood,  of  course,  is  always  at  a  certain 
pressure,  hence  when  a  blood-vessel  is  cut  across  the 
blood  spurts  out  owing  to  the  pressure  with  which  it 
fills  the  vessels.  That  pressure,  however,  is  not 
merely  maintained  bv  the  heart,  and  it  would  be  a 
veiy  climisy  arrangement  if  it  were,  inasmuch  as 
it  A\'ould  have  to  l3e  continually  accommodating 
itself  to  the  needs  of  the  body  generally,  and  more- 
over could  not  provide  for  any  sudden  local  demand 
for  greater  or  less  supply  of  blood  to  some  limited 
part.  This  difficulty  is  got  over  by  means  of  the  vaso- 
motor centre.  This  was  proved  by  the  experiments 
made  on  animals  by  Owsjannikof,  in  which  he,  by  the 
method  of  making  sections  and  bv  stimulating  the 
centre  reflexly,  proved  that  there  was  in  the  bulb  a 
little  collection  of  nerve  cells,  which  were  perfectly 
capable  of  causing  a  powerful  contraction  of  all  the 
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blood-vessels  in  the  body  if  they  were  excited  into 
activity,  and,  on  the  other  hand,  that  if  they  became 
paralysed,  then  all  the  blood-vessels  in  the  body 
dilated.  I  have  alreadv  sup'fifested  to  vou  that  thert^ 
were  little  centres  for  the  same  duty  dotted  all  down 
the  cord  and  that  thev  were  all  governed  by  this  one 
centre  in  the  medulla  oblongata  ;  that  was  no  doubt 
perfectlv  true,  though  the  subordinate  centres  in 
the  spinal  cord  are  not,  in  man  at  any  rate,  or  indeed 
in  anv  of  the  hio-her  animals,  able  to  maintain  such  a 
perfect  control  of  the  vessels  as  is  effected  by  the 
bulbar  centre.  I  have  onlv  to  add  that  the  heart  is 
directly  connected  witli  this  centre  by  nei've  fibres 
which  inflTience  the  centre  accordino-  to  the  amount 
of  distention  of  the  heart  ;  hence  if  that  organ  is 
getting  overpowered  bv  blood  the  vaso-motor  centre, 
in  obedience  to  the  information  it  receives  from  the 
heart,  so  loses  its  influence  over  the  blood-vessels 
that  they  dilate  and,  the  general  blood  pressure  being 
thus  lowered,  the  heart  is  relieved.  This  vaso-motor 
centre  is  obviouslv  one  of  the  gTeatest  importance. 
We  are  mifortunately  rather  precluded  as  yet  from  a 
correct  analysis  of  its  duties,  because  the  phenomena 
to  which  it  gives  rise  resemble  those  produced  b^' 
the  heart  itself 
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Other  Centres  lit  the  Bulb. 

When  we  consider  the  manifold  relations  of  tlie 
vagus  nerve  with  the  alimentary  canal,  it  is  obvious 
that  the  bulb  or  meduDa  oblongata  must  be  the  seat 
of  various  functions  of  different  organs.  Thus,  the 
simple  actions  of  the  tongue  and  throat  in  swallow- 
ing are  provided  for  by  the  nuclei  of  the  vagus,  spinal 
accessory  and  hypoglossal  nerves,  so  that  we  are  in 
the  habit  of  speaking  of  the  deglutition  or  swallow- 
ing centre.  And  so  also  the  larynx  is  very  widely 
connected  with  the  same  parts  ;  and  we  have 
phonation  on  the  one  hand,  and  coughing  on  the 
other,  all  represented  in  the  same  region. 

With  this  survey  I  am  obliged  to  content  myself 
at  present,  and  must  reserve  further  individual 
points  after  we  have  seen  the  functions  of  the 
cortex  of  the  brain.  I  would  only  point  out  to  you 
that,  on  the  whole,  the  centres  in  the  bulb  resemble 
those  in  the  spinal  division  of  the  lowermost 
or  bulbo-spinal  centres — viz.,  in  being  unilateral, 
each  one  of  each  pair  is  simply  concerned  with  the 
same  side  of  the  body. 

Before  bringing  this  lecture  to  a  conclusion  one 
duty  yet  remains,  and  that  is,  to  summarise  and 
slightly  extend  the  knowledge  we  have  akeady 
obtained  of  the  channels  of  conduction,  which  exist 
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in  the  bulb  and  spinal  cord,  and  by  means  of  which 
the  impressions  are  conveyed  to  and  from  the 
brain. 

The  spinal  cord  is  obviously  a  single  mass  of  two 


Fig.  47. 


Base  of  cat's  brain. 
I  =  Olfactory  bulb. 
//  =  Optic  nerves  at  their  crossing  or  chiasma. 
Ill  =  Third  cranial  nerve. 

u  —  Hippocampal  gyrus  ending  in  unciform  lobe. 
Cr  =  Crus,  or  peduncle  of  brain. 
Pi  =  Pituitary  body. 
V  =  Fifth  cranial  nerve. 
Po  =  Pons  Varolii. 
tr  =  Trapezium. 
pel  =  Pyramid. 
Cb  =  Cerebellum. 
mo  ~  Medulla  oblongata,  or  bulb. 
Sp.c  =  Spinal  cord. 
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defined  halves.  Following-  its  plan  lieyond  tlie  bull), 
we  come  first  to  the  cerebellum,  and  we  see  that 
here  each  half*  has  its  own  stalk  running  into  it. 
So  too  the  remainder  of  each  half  of  the  longitudi- 
nally directed  fibres  in  the  bulb  soon  diverge  from 
those  of  the  opposite  side,  so  as  to  leave  a  wide 
space  between  them,  and  plunge  into  the  base  of 
each  cerebral  hemisphere.  Where  they  leave  the 
bulb  proper,  they  are  covered  by  transverse  fibres, 
which  connect  the  two  halves  of  the  cerebellum, 
and,  owino-  to  these  fibres,  this  reoion  was  called  bv 
Varolius  the  ••23ons,"  or  '"bridge,"  and  it  is  always 
known  by  this  name,  the  pons  Varolii  (see  Po  in 
Fig.  47  of  a  cat's  brain).  Above  the  pons  the  diver- 
gent fibres  form  the  cerebral  peduncles,  or  crura  cere- 
bri, which  parts,  you  must  understand,  are  composed 
of  afi'erent  fibres  going  up  to  the  brain  and  efferent 
fibres  comino-  down  from  the  brain.  Of  the  former 
we  know  little  ;  with  the  latter  we  are  fairly  familiar. 
Moreover,  whereas  the  latter  run  straight  down  from 
the  brain  into  the  cord  to  join  the  bulbo-spinal 
centres,  without  suffering  a  break  in  their  course, 
the  former  are  interrupted  in  the  bulb.  We  will 
therefore  take  the  latter  first,  as  easier  of  compre- 
hension. 
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TJie  Efferent  Motor  Qiamiels. 

These  run  on  the  ventral  side  of  the  crura,  and 
are  shown  in  the  transverse  section  in  Fig.  50. 
They  then  pass  through  the  pons  behind  the  fibres 
which  connect  the  halves  of  the  cerebellum,  and  so 
reach  the  bulb.  When  they  get  to  the  bulb,  they 
are  there  gathered  still  more  obviously  into  bundles, 
and  then  thev  perform  the  remarkable  crossing  that 
I  referred  to  some  lectures  ago,  and  which,  I  also  told 
you,  was  possibly  due  to  the  crossing  of  the  optic 
nerve.  This  crossing  of  the  pyramids,  as  the  bundles 
of.  fibres  are  called,  occurs  just  below  the  calamus 
scriptorius.  A  few  of  the  fibres  do  not  cross, 
but  run  down  the  same  side  of  the  cord  in  the 
anterior  column,  close  to  the  middle  line — >.e.,  close 
to  the  anterior  fissure.  The  vast  majoritv  however 
run  dow^i  on  the  opposite  side  of  the  cord,  and  are 
spoken  of  as  the  crossed  pyramidal  tract.  If  thev 
are  injured  in  any  part  of  their  course,  all  the  fibres 
below  the  point  of  injury  degenerate,  and  bv  reason 
of  this  degeneration  exhibit  their  situation  in  the 
spinal  cord  very  clearly.  These  fibres  terminate  in 
the  bulbo-spinal  centres  :  that  also  I  reminded  vou 
of  when  speaking  of  the  delay  or  loss  of  time  caused 
in  the  activity  of  these  spinal  nerve  centres. 
Whether   they  join   the  network  of  the  nerve  cells, 
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or  whether  they  are  lost  in  the  field  of  conjunction, 
we  do  not  know.  All  we  know  is,  that  they  do  not 
pass  out  dii'ectly  into  the  fibi-es  of  the  anterior  root, 
hence  we  see  that  the  centres  in  the  cortex,  of  a 
necessity,  discharge  their  impulses  via  the  bulbo- 
spinal centres.  Thus  far  matters  are  sufficiently 
simple. 

The  Afferent  {Sensory)  Channels. 

On  the  afferent  side  our  knowledge  is  less  exact. 
The  fibres  of  the  posterior  roots,  which  we  know 
to  enter  the  cord,  as  I  have  before  explained  to 
you,  are  divided  into  two  gi-eat  classes,  first, 
those  that  run  straight  up  the  cord  in  the  pos- 
terior column,  vv^ithout  touching  the  nerve  cells 
until  they  reach  the  medulla  oblongata  ;  and 
secondly,  those  which  are  soon  lost  in  connection 
with  a  nerve  cell.  Perhaps  in  all  these,  cer- 
tainly in  most,  there  is  a  preliminary  division  of 
the  nerve  fibre  before  it  takes  either  of  the  above 
mentioned  courses.  And  this  division  consists  in 
its  bifurcation  [p)  into  two  branches,  one  {u)  which 
runs  up  the  cord,  and  the  other  which  runs  down 
the  cord  (c/),  as  shown  in  Figure  48.  This  much 
has  partly  been  found  out  by  the  anatomical 
method  of  degeneration    of  the  fibres,   consequent 
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upon  injury  of  the   posterior  roots,   and    also  from 
the   mode   of  staining   nerve  fibres  introduced   by 


Golgi. 


P~- 


Vertical  section  of  spinal  covdi.— Kolliher. 

0  =  Blood-vessel, 

1  —  Fibres  running  longitudinally  in  the  spinal  cord. 

The  physiological  plan  of  investigation  however 
has  also  thrown  light  upon  this  difficult  subject.  But 
before  examining  it,  we  must  first  say  that  the  direct 

o 


2IO         THE   STRUCTURE   AXD    FUNCTIONS       lect.  ix. 

fibres  just  spoken  of  have  not  been  traced  further  than 
the  bulb,  where  they  evidently  terminate  in  nerve  cells, 
from  which,  doubtless,  nerve  fibres  pass  up  to  the 
hemispheres  along  as  yet  rmknown  tracts. 

Turnino-  now  to  the  physiological  method,  we  have 
already  seen  that  these  spinal  centres,  continuallv 
receiving  atfei'ent  impressions,  are  also  as  continually 
sending  them  ujd  the  cord,  by  means  of  internun- 
cial  fibres  connectino*  the  centres  Avith  each  other. 
AttemjDts  have  been  made  also  to  trace  the  conduc- 
tion of  impulses  upwards  by  dividing  the  various 
columns  of  the  cord  in  animals,  and  then  seeing  how 
far  afferent  impulses  were  blocked  in  their  passage 
to  the  brain.  Unfortunately  this  method  is  vitiated 
by  one  great  fallacy — viz.,  the  constant  presence  of 
activity  on  the  part  of  the  nerve  centres,  a  factor  which 
renders  it  impossible  for  a  definite  opinion,  based 
upon  this  experiment  alone,  to  be  expressed  as  to 
the  existence  or  non-existence  of  channels  indepen- 
dent of  nerve  cells.  Therefore  Mr.  Gotch  and  myself 
determined  to  investigate  this  subject  by  the  elec- 
trical method.  The  arrangement  of  experiment  is 
shown  in  Fig.  49  ;  one  part  of  the  spinal  cord  was 
divided  and  connected  with  the  galvanometer  (G), 
and  another  part,  above  or  below  according  to  our 
wish,  divided  also,  and  each  column  of  the  cord 
respectively  stimulated  (Ex).     The  result  naturally 
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was  a  deflection  in  tlie  g-alvanonieter,  |)i'()})()rti(>nal  to 
the  ninnber  of  fibres  wliich  were  the  seat  of  excita- 
tion. We  have  thus  found  tliat  Ho  j)ei-  cent,  of 
afterent  impulses  travel  up  the  same  side  of  the  cord, 

Fig.  50. 


Transverse  section  of  the  mid  brain  through  the  jDons  Y avoYn.^ (>berf:feiner. 
Py  =  Pyramidal  (descending)  fibres  cut  across. 
Po  =  Pons  fibres  running  across  from  each  lobe  of  cerebellum,  &c. 
Im  =  Fillet. 
Frtg  =  Tegmentum. 
Flp  =  Longitudinal  fasciculus. 

the  80  per  cent,  being  made  up  of  60  per  cent,  of  the 
total  going  up  the  posterior  column,  and  20  per  cent, 
going  up  the  lateral  column  :  while  of  the  remain- 
ing balance  more  than  i  5  per  cent,  passed  up  the 
posterior  column  on  the  opposite  side  and  a  trace  up 
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the  lateral  column  of  that  side.  We  know  that  in 
all  probability,  when  these  impulses  reach  the 
medulla  oblongata,  whether  they  come  by  the 
direct  or  by  the  indirect  path,  that  they,  after 
union  with  the  nerve  cells  there  situated,  most 
probably  gain  the  hemispheres  by  longitudinally 
directed  fibres,  which  have  received  the  name  of 
the  fillet  and  which  pass  deeply  through  the  mesen- 
cephalon, through  the  peduncles  and  ventrally  to 
the  grey  matter  of  the  aqueduct  of  Sylvius  ;  with 
this  explanation  we  must  remain  satisfied.  The  im- 
pressions conveyed  by  these  fibres  or  channels  in 
the  cortex  of  the  brain  are  tactile,  sensory  im- 
pressions of  heat  or  cold,  pain,  &c.  &c.,  and  of  their 
final  destination  I  shall  speak  in  the  next  course  of 
lectures. 
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JOURNALS,  Etc. 
Archives  of  Surgery.  4  Nos.  3.00 
Ophthalmic  Review.  "      "     3.00 
New  Sydenham  Society's 
Publications     ...        8.00 

KIDNEY  DISEASES. 
Beale.     Renal  and  Urin.  1.75 

Ralfe.  Dis.  of  Kidney,  etc.  2.75 
Thornton.  Surg,  of  Kidney.  1.75 
Tyson.     Bright's   Disease 

and  Diabetes,  lllus.  .        3.50 

MASSAGE. 

Kleen  and  Hartwell.      -       

Murrell.     Massage.  5th  Ed.  1.50 

Ostrom.   Massage.  87  lllus.  i.oo 

MATERIA  MEDICA. 
Biddle.     nth  Ed.  Clo.  4.25 

Gorgas.  Dental.  4th  Ed.  3.50 
Merrell's  Digest.  -  4.00 

Potter's  Compend  of.  5th  Ed.  i.oo 


CLASSIFIED  LIST  OF  P.  BLAKISTON,  SON  &-  CO.'S  PUBLICATIONS. 


Potter's  Handbook  of.  Third 
Ed.    Clo.  4-00 ;  Sheep,     -      $5.00 

White  &  Wilcox.  Mat.  Med., 
Pharmacy,  Pharmacology, 
and  Therapeutics.         -        -  

MEDICAL  JURISPRUDENCE. 
Reese.  Medical  Jurisprudence 
&Toxicology,  3d  Ed.  3.00;  Sh  3.50 
MICROSCOPE. 
Beale.     How  to  Work  with.     7.50 

In  JNIedicine.         -  7.50 

Carpenter.     The  Microscope. 

7th  Ed.  800  Illus.  CI.  6.50  Lea.  7.50 
Lee  Vade  Mecum  of.  ad  Ed.  4.00 
MacDonald.     E.xamination  of 

Water  by.        -        -        -  2.75 

MISCELLANEOUS. 
Beale.      Slight  Ailments. 
Black.     Micro-organisms.  1.50 

Burnet.     Food  and  Dietaries.  1.75 
Davis.    Text-book  of  Biology.  4 
Duckworth.     On  Gout.  -  7 

Garrod.     Rheumatism,  etc.      6 
Gross.    Life  of  J.  Hunter.    Pa.  .75 
Haddon.     Embryology.    -        6 
Haig.     Uric  Acid.       -        -       3 
Hare.     Mediastinal  Disease. 
Henry.     Ansemia.    -  .73 

Treves.     Physical  Education,  i 

NERVOUS  DISEASES,  Etc. 
Flower.   Atlas  of  Nerves.         3.50 
Bowlby.     Injuries  of.        -        4.50 
Goodhart.    Neurotic  Element 

in  Disease.     -        -        -  

Gowers.    Manual  of.     2d  Ed.  | 

350  Illustrations.     Vol.  i.        3.50 

Vol.  2      Nearly  Ready.  

Dis.  of  Spinal  Cord         

Diseases  of  Brain.  2.00  ; 

Horsley.     Nervous  System.     j 

Obersteiner.   Central  Nervous         \ 

System.    -         -        -        -  6.00  ! 

Ormerod.     Manual  of.     -  2.00 

Osier.     Cerebral  Palsies.  2.00  j 

Page.     Injuries  of  Spine.  ■ 

Railway  Injuries.       -  2.25 

Stewart.     Manual  of.      -  

Thorburn.      Surgery    of    the 

Spinal  Cord    -         -        .  4.50 

Watson.     Concussions.  i.oo 

NURSING. 

CuUingworth.     Manual  ot.  .75 

Monthly   Nursing.  .50 

Domville's  Manual.     7th  Ed.    .75  j 

FuUerton.     Obst.  Nursing.  1.25  j 

Nursing   in   Abdominal  i 

Surg,  and  Dis.  of  Women,  1.50  j 

Humphrey.     Manual  of  1.25  [ 

Parvin.     Obstetric  Nursing.       .75  | 
Starr.  Hygiene  of  the  Nursery,  i.oo 
Temperature  Charts.    -  .50 

OBSTETRICS. 
Bar.     Antiseptic  Obstet.  1.75  1 

Cazeaux  and  Tarnier.     Stu- 
dents'   Ed.     Colored  Plates.  5.00  ( 
"Davis.     Obstetrical  Chart.  .50 

Davis.  Obstetrics.  Illus.  2.00 
Galabin's  Manual  of.  3.00 

Landis.  Compend.  4ih  Ed.  i.oo 
Rigby.     Obstetric  Mem.  .50 

Schultze.  Obstet'c  Diagrams  26.00 
Strahan.  Extra-Uterine  Preg.  1.50 
Winckel's  Text-book.  6.00 

PATHOLOGY  &  HISTOLOGY. 
Blackburn.  Autopsies. 
Blodgett.  Dental  Pathology  1.75 
Bowlby.  Surgical  Path. 
Gilliam.  Essentials  of.  - 
Stirling's  Practical. 
Sutton.  Pathology. 
Virchow.  Post-mortems. 
Wynter  &  Wethered.  Path.  4. 

PHARMACY. 
Beaslej^  Druggists'  Rec'ts.    2.25 
Formulary.      -        -  2.25 


2.25 
2.25 
I.oo 


Fliickiger.  Cinchona  Barks.  ^1.50 
Mackenzie.  Phar.  of  Throat.  1.25 
Merrell's  Digest.  -  -  4.00 
Proctor.  Practical  Pharm.  4.50 
Robinson.  Latin  Grammar  of.  2.00 
Stewart's  Compend.  3d  Ed.  1.00 
Tuson.     Veterinary  Pharm.     2.50 

PHYSICAL  DIAGNOSIS. 
Fenwick's  Student's  Guide.     2.25 
Tyson's  Manual.       -        -         1.25 

PHYSIOLOGY. 
Brubaker's  Compend.     Illus- 
trated.    6th  Ed.      -        -  I.oo 
Kirkes'  12th   Ed.     (Author's 

Ed.)  Cloth,  4.00;   Sheep,  5.00 

Landois'  Text-book.  845  Illus- 
trations. 4th  Ed.  CI.  7.00;  Sh.  8.00 
Sanderson's  Laboratory B'k.  5.00 
Sterling.     Practical  Phys.         2.25 
Tyson's  Cell  Doctrine.       -       2.00 
Yeo's  Manual.  321  Illustrations 
5th  Ed.    Cloth,  3.C0;  Sheep,  3.50 
POISONS. 
Aitken.    The  Ptomaines,  etc.    1.25 
Black.     Formation  of.        -        1.50 
Reese.    Toxicology.     3d  Ed.   3.00 
Tanner.    Memoranda  of.  .75 

PRACTICE. 
Beale.     Slight  Ailments.  1.25 

Charteris,  Guide  to.         -  3.00 

Fagge's  Practice.  2  Vols.  8.00 
Fowler's  Dictionary  of.  -  5.00 
Hughes.  Compend  of.  2  Pts.  2.00 

Physicians'  Edition. 

I  Vol.  Morocco,  Gilt  edge.  2.50 
Roberts.  Text-book.  Sth  Ed.  5.50 
Taylor's  Manual  of.     -  4.00 

PRESCRIPTION  BOOKS. 
Beasley's  3000  Prescriptions.   2.25 

Receipt  Book. 

Formulary.     - 

Pereira's  Pocket-book. 
Wythe's  Dose  and  Symptom 

Book.     17th  Ed.     -        -         I.oo  I 
SKIN  AND  HAIR. 
Anderson's  Text-Book.  4.50 

Bulkley.    The  Skin.         -  .50  | 

Crocker.    Dis,  of  Skin.    Illus.  

Van   Harlingen.      Diagnosis 
and  Treatment  of  Skin  Dis. 
Col.  Plates  i^  Engravings.       2.50 
STIMULANTS  &  NARCOTICS. 
Lizars.     On  Tobacco.      -  .50 

Miller.     On  Alcohol  .50 

Parrish.     Inebriety.         -  1.25 

SURGERY  AND   SURGICAL 

DISEASES. 
Caird  and  Cathcart.     Surgi- 
cal Handbook.  Leather,  2.50 

Cooper  &  Edwards.  Rectum. ! 

Dulles.     Emergencies.         -     i.oo  ! 
Heath's  Minor,    gth  Ed.  2.00 

Diseases  of  Jaws.  4.50  | 

Lectures  on  Jaws.  i.oo 

Horwitz.   Compend.   4th  Ed.   i.oo  I 
Jacobson.     Operations  of.    - 
MouUin.      Complete     'Text- 
book. 497  Illus.  and  Colored 
Plates.      Net,  CI.  7.00;  Sh. 

y^  Rus. 

Porter's    Surgeon's    Pocket- 
book.  -        -    Leather   2.25 
Smith.     Abdominal  Surg. 
Walsham.     Practical  Surg 
W^atson's  Amputations. 

TECHNOLOGICAL  BOOKS. 

See  also  Chetnistry. 

Cameron.     Oils  &  Varnishes.  2.50 

Soap  and  Candles.         2.23 

Gardner.     Brewing,  etc.  1.73 

Gardner.    Acetic  Acid,  etc.     1.73 

Bleaching  &  Dyeing.     1.75 

Groves  and  Thorp.  Chemi- 
cal Technology.  Vol.  I. 
Mills  on  Fuels.  CI.  7.50;  J^M.  g.oo 

Overman.     Mineralogy.     -      i.oo 
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THERAPEUTICS. 
Allen,  Harlan,  Harte,  Van 

Harlingen.     Local  Thera.  

Biddle.  nth  Ed.  CI.  4.25;  Sh.l3.0o 
Burnet.  Food  and  Dietaries.  1.75 
Field.  Cathartics  and  Emetics. 
Headland.  Action  of  Med. 
Jaworski.  Carlsbad  Salts. 
Mays.     Therap.  Forces. 

Theine         -        -        - 

Napheys'  Therapeutics.  Vol. 

I.     Medical  and   Disease  of 
Children.       -       CI.  5.c'o;  Sh.  6.00 

Vol.  2.   Surg.  &  Gycsec.  

Ott.  Action  of  Medicines.  2.00 
Potter's  Compend.     5th  Ed.     i.oo 

,  Handbook  of.  4.00  :  Sh.  3.00 

White  &  Wilcox.  Mat.  Med., 
Pharmacy,      Pharmacology, 

and  Therapeutics 

Waring's  Practical.    4th  Ed.  3.00 

THROAT  AND  NOSE. 
Cohen.     Throat  and  Voice. 
Greenhow.     Bronchitis. 
Hutchinson.  Nose  &  Throat.  1.25 
McBride.      Clinical  Manual, 

Colored  Plates, 
Mackenzie.  Throat  and  Nose. 

2  vols.       -        -        -        -        

Pharmacopceia.    -  1.25 

Murrell.  Bronchitis.  -  1.50 
Potter.  Stammering,  etc.  i.oo 
AVoakes.  Post-Nasal  Catarrh.  1.30 
Deafness,  Giddiness,  etc. 

TRANSACTIONS   AND 

REPORTS. 

Penna.  Hospital  Reports.      1.23 

Trans.  College  of  Physicians.  3.50 

Amer.  Surg.  Assoc.       3.00 

Assoc.  Amer.  Phys.   3.50 

URINE  &  URINARY  ORGANS. 
Acton.     Repro.  Organs.  2.00 

Beale.     Urin.  &  Renal  Dis.      1.73 

Urin.  Deposits.    Plates.  2.00 

Holland.  The  Urine,  Milk  and 

Co.Timon  Poisons.  4th  Ed.  i.oo 
Legg.     On  Urine.     -        -  .75 

Marshall  and  Smith.  Urine,  i.oo 
Memminger.     Diagnosis   by 

the  Urine.  Illus.  -  -  i.oo 
Ralfe.  Kidney  and  Uri.  Org.  2.75 
Schnee.     Diabetes.  -        2.00 

Thompson.  Urinary  Organs.   3.30 

Calculous  Dis.  3d.  Ed.    i.oo 

Lithotomy.     -        -  3.50 

Prostate.      6th  Ed.  2.00 

Thornton.  Surg,  of  Kidney.  1.73 
Tyson.  E.xam.  of  Urine.  1.30 
Van  Niiys.    Urine  Analysis.    2.00 

VENEREAL  DISEASES. 
Hill  and  Cooper's  Manual,    i.oo 

VETERINARY. 
Armatage.     Vet.  Rem.  1.25 

Ballou.     Anat.  and  Phys.  i.oo 

Tuson.    Vet.  Pharm.  2.50 

VISITING  LISTS. 
Lindsay    and     Blakiston's 
Regular   Edition.     Send  /ot 
Circular.         -         .      i.oo  to  3.00 

Perpetual  Ed.      1.25  to  1.30 

Monthly  Ed. 

Plain,  .75;  Tucks,  i.oo 
WATER. 
Blair.     Potable  Waters,      -      i.oo 
Fox.     Water,  Air,  Food.  4.00 

Frankland.    Analysis  of.  i.oo 

Leffmann  &  Beam.  Exam.  of.  1.23 
MacDonald.  Examination  of.  2.73 

WOMEN,  DISEASES  OF. 
Byford's  Text-book.  4th  Ed.   3.00 

Uterus.  -        -         -  1.25 

Edis..  Sterility.  -  -  1.75 
Lewers.  Dis.  of  Women.  2.25 
Morris.  Compend.  Illus.  i.oo 
Tilt.     Change  of  Life.      -  1.25 

Winckel,  by  Parvin.    Manual 

of.     Illus.        Clo.,  3.C0;  Sh.  3.50 


From  PROF.  J.  M.  DaCOSTA. 

"  I  Jind  it  an  excelient  'jtork,  doing  credit  to  the  learning  and  discrimination  of  the  author." 

A  New  Medical  Dictionary. 


Small   8vo, 
Thumb 


Half  Morocco,  as   above,  with 

Index, ^.2_ 

Plain  Dark  Leather,  without  Thumb  Index,    3.25    mcdicine 


A  compact,  concise  Vocabulary,  including 
all  the  Words  and  Phrases  used  in  medicine, 
with  their  proper  Pronunciation  and  Defini- 
tions. 

BASED  ON  RECENT  MEDICAL 
LITERATURE. 

EV 

GEORGE  M.  GOULD,  A.B.,  M.D., 

ophthalmic  Surgeon  to  tJie  Philadelphia  Hospital.  Clinical 
Chie/  Ophthahnological  Dipt.    German  Hos- 
pital, Philadelphia. 

It  is  not  a  mere  compilation  from  other 
dictionaries.  The  definitions  have  been 
made  by  the  aid  of  the  most  recent  stan- 
dard text-books  in  the  various  branches  of 
It  includes 


SEVERAL  THOUSAND   NEW  WORDS  NOT  CONTAINED  IN 
ANY   SIMILAR  WORK. 

IT  CONTAINS  TABLES  of  the  ABBREVIATIONS  used  in  Medicine,  of  the 
ARTERIES,  of  the  BACILLI,  giving  the  Name,  Habitat,  Characteristics,  etc.;  of  GAN- 
GLIA, LEUCOMAINES,  MICROCOCCI,  MUSCLES,  NERVES,  PLEXUSES, 
PTOMAINES,  with  the  Name,  Formula,  Physiological  Action,  etc.;  and  the  COMPARI- 
SON OF  THERMOMETERS,  of  all  the  most  used  WEIGHTS  AND  MEASURES 
of  the  world,  of  the  MINERAL  SPRINGS  OF  THE  U.  S.,  VITAL  STATISTICS, 
etc.     Much  of  the  material  thus  classified  is  not  obtainable  by  English  readers  in  any  other  work. 

OPINIONS  OF  PROMINENT  MEDICAL  PAPERS. 

"  One  pleasing  feature  of  the  book  is  that  the  reader  can  almost  invariably 
find  the  definition  under  the  word  he  looks  for,  without  being  referred  from 
one  place  to  another,  as  is  too  commonly  the  case  in  medical  dictionaries. 
The  tables  of  the  bacilli,  micrococci,  leucomaines  and  ptomaines  are  excellent, 
and  contain  a  large  amount  of  information  in  a  limited  space.  The  anatomical 
tables  are  also  concise  and  clear.  .  .  .  We  should  unhesitatingly  recom- 
mend this  dictionary  to  our  readers,  feeling  sure  that  it  will  prove  of  much' 
value  to  them." — American  Journal  of  Meiiical  Sciefice,  Sept.  l8go. 

"Asa  handy,  concise  and  accurate,  and  complete  medical  dictionary  it 
decidedly  claims  a  very  high  place  among  works  of  this  description.  In  fact, 
taking  handiness  and  cheapness  into  account,  we  certainly  think  this  is  the 
general  practitioner's  model  dictionary,  and  we  cordially  recommend  it  to  our 
readers.  The  definitions  are  for  the  most  part  terse  and  accurate,  and  the 
derivations  up  to  modern  lights." — British  Medical  Journal,  London,  Sept.  i8go. 
May  be  obtained  through  all  Booksellers.     Sample  pages  free. 
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ACTON.  The  Functions  and  Disorders  of  the  Reproductive  Organs  in  Childhood, 
Youth,  Adult  Age  and  Advanced  Life,  considered  in  their  Physiological,  Social 
and  Moral  Relations.     By  Wm.  Acton,  m.d.,  m.r.c.s.    7th  Edition.     Cloth,  $2.00 

AITKEN.  Animal  Alkaloids,  the  Ptomaines,  Leucomaines  and  Extractives  in 
their  Pathological  Relations.  By  William  Aitken,  m.d.,  f.r.s.,  Prof,  of  Path, 
in  the  Army  Medical  School,  Netley,  England.    2d  Ed.   Enlarged.    Cloth,  $1.25 

ALLEN,   HARLAN,   HARTE,  VAN   HARLINGEN.     Local   Therapeutics. 

A  Handbook  of  Local  Therapeutics,  being  a  practical  description  of  all  those 
agents  used  in  the  local  treatment  of  disease,  such  as  Ointments,  Plasters, 
Powders,  Lotions,  Inhalations,  Suppositories,  Bougies,  Tampons,  etc.,  and  the 
proper  methods  of  preparing  and  applying  them.  By  Harrison  Allen,  m.d., 
Emeritus  Professor  of  Physiology  in  the  University  of  Penna. ;  Laryngologist  to 
the  Rush  Hospital  for  Consumption ;  late  Surgeon  to  the  Philadelphia  and  St. 
Joseph's  Hospitals.  George  C.  Harlan,  m.d.,  late  Professor  of  Diseases  of  the 
Eye  in  the  Philadelphia  Polyclinic  and  College  for  Graduates  in  Medicine ; 
Surgeon  to  the  Wills  Eye  Hospital,  and  Eye  and  Ear  Department  of  the  Penn- 
sylvania Hospital.  Richard  H.  Harte,  m.d.,  Demonstrator  of  Osteology, 
University  of  Pennsylvania  ;  Assistant  Surgeon,  University  Hospital,  and  Arthur 
Van  Harlingen,  m.d..  Professor  of  Diseases  of  the  Skin  in  the  Philadelphia 
Polyclinic  and  College  for  Graduates  in  Medicine  ;  late  CHnical  Lecturer  on 
Dermatology  in  Jefferson  Medical  College ;  Dermatologist  to  the  Howard  Hos- 
pital. In  One  Handsome  Compact  Volume.     Nearly  Ready. 

ALLEN.    Commercial  Organic  Analysis.    A  Treatise  on  the  Modes  of  Assaying 
the  Various  Organic  Chemicals  and  Products  employed  in  the  Arts,  Manufactures, 
Medicine,  etc.,  with  Concise  Methods  for  the  Detection  of  Impurities,  Adultera- 
tions, etc.     Second  Edition.    Revised  and  Enlarged.    By  Alfred  Allen,  f.c.s. 
Vol.  I.  Alcohols,  Ethers,  Vegetable  Acids,  Starch,  etc.  Out  of  Priftt. 

Vol.  II.  Fixed  Oils  and   Fats,  Hydrocarbons  and  Mineral  Oils,  Phenols  and 
their  Derivatives,  Coloring  Matters,  etc.  Out  of  Print. 

Vol.  III.— Part  I.    Acid  Derivatives   of  Phenols,  Aromatic   Acids,  Tannins, 
Dyes,  and  Coloring  Matters.     8vo.  Cloth,  $4.50 

ANJ)ERSON.  A  Treatise  on  Skin  Diseases.  With  special  reference  to  Diagnosis 
and  Treatment,  and  including  an  Analysis  of  11,000  consecutive  cases.  By  T. 
McCall  Anderson,  m.d.,  Professor  of  Clinical  Medicine,  University  of  Glasgow. 
With  several  Full-page  Plates,  two  of  which  are  Colored  Lithographs,  and  nu- 
merous Wood  Engravings.     Octavo.     650  pages.       Cloth,  $4.50;  Leather,  $5.50 

ARCHIVES  OF  SURGERY.  Edited  by  Jonathan  Hutchinson,  f.r.s.  Colored 
Illustrations.     Published  Quarterly.  75  cents  a  number.    Per  Vol.   $3.00 

ARLT.  Diseases  of  the  Eye.  Clinical  Studies  on  Diseases  of  the  Eye.  Including  the 
Conjunctiva,  Cornea  and  Sclerotic,  Iris  and  Ciliary  Body.  By  Dr.  Ferd.  Ritter 
von  Arlt,  University  of  Vienna.  Authorized  Translation  by  Lyman  Ware, 
m.d..  Surgeon  to  the  Illinois  Charitable  Eye  and  Ear  Infirmary,  Chicago. 
Illustrated.     8vo.  Cloth,  $2.50 

ARMATAGE.  The  Veterinarian's  Pocket  Remembrancer:  being  Concise 
Directions  for  the  Treatment  of  Urgent  or  Rare  Cases,  embracing  Semeiology, 
Diagnosis,  Prognosis,  Surgery,  Therapeutics,  Toxicology,  Detection  of  Poisons 
by  their  appropriate  tests.  Hygiene,  etc.  By  George  Armatage,  m.r.c.v.s. 
Second  Edition,     32mo.  Boards,  $1.25 
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BALLOT!.    Veterinary  Anatomy  and  Physiology.    By  Wm.  R.  Ballou,  m.d,, 

Prof,  of  Equine  Anatomy,  New  York  College  of  Veterinary  Surgeons,  Physician 
to  Bellevue  Dispensary,  and  Lecturer  on  Genito-Urinary  Surgery,  New  York 
Polyclinic,  etc.  With  29  Graphic  Illustrations.  i2mo.  A^o.  12  ?  Qiiiz-Compend 
Series.?  Cloth,  $1.00.     Interleaved,  for  the  addition  of  Notes,  $1.25 

BAR.  Antiseptic  Midwifery.  The  Principles  of  Antiseptic  Methods  Applied  to 
Obstetric  Practice.  By  Dr.  Paul  Bar,  Obstetrician  to,  formerly  Interne  in,  the 
Maternity  Hospital,  Paris.  Authorized  Translation  by  Henry  D.  Fry,  m.d., 
with  an  Appendix  by  the  author.     Octavo.  Cloth,  $1.75 

BARRETT.  Dental  Surgery  for  General  Practitioners  and  Students  of  Medicine 
and  Dentistry.  Extraction  of  Teeth,  etc.  By  A.  W.  Barrett,  m.d.  Second 
Edition.     Illustrated      Practical  Series.     {See  page  igT^  Cloth,  $1.25 

BARTLEY.  Medical  Chemistry.  Second  Edition.  A  Text-book  for  Medical  and 
Pharmaceutical  Students.  By  E.  H.  Bartley,  m.d..  Professor  of  Chemistry  and 
Toxicology  at  the  Long  Island  College  Hospital ;  President  of  the  American 
Society  of  Public  Analysts;  Chief  Chemist,  Board  of  Health,  of  Brooklyn,  N.Y. 
Revised  and  enlarged.  With  62  Illustrations.  Glossary  and  Complete  Index. 
423  pages.     i2mo.  Cloth,  ^2.50 

BEALE.  On  Slight  Ailments ;  their  Nature  and  Treatment.  By  Lionel  S.  Beale, 
m.d.,  F.R.S.,  Professor  of  Practice,  King's  Medical  College,  London.  Second 
Edition.     Enlarged  and  Illustrated.     8vo.  Cloth,  $1.25 

Urinary  and  Renal  Diseases  and  Calculous  Disorders.  Hints  on  Diagnosis 
and  Treatment.     Demi-8vo.     356  pages.  Cloth,  $1.75 

The  Use  of  the  Microscope  in  Practical  Medicine.    For  Students  and 
Practitioners,  with  full  directions  for  examining  the  various  secretions,  etc., 
in   the  Microscope.     Fourth  Edition.     500  Illustrations.     8vo.     Cloth,  $7.50 
How  to  "Work  with  the  Microscope.     A  Complete  Manual  of  Microscopical 
Manipulation,    containing   a   full   description    of  many   new   processes    of 
investigation,   with    directions    for    examining  objects   under  the    highest 
powers,  and  for  taking  photographs  of  microscopic  objects.     Fifth  Edition. 
Containing  over  400  Illustrations,  many  of  them  colored.     Svo.     Cloth,  $7.50 
One  Hundred  Urinary  Deposits,  on  eight  sheets,  for  the  Hospital,  Labora- 
tory, or  Surgery.     New  Edition.     4to.  Paper,  ;^2.oo 
BEASLEY'S  Book  of  Prescriptions.     Containing  over  3100  Prescriptions,  collected 
from  the    Practice   of  the   most  Eminent  Physicians  and   Surgeons — English, 
French  and  American ;  a  Compendious  History  of  the  Materia  Medica,  Lists  of 
the  Doses  of  all  Officinal  and  Established  Preparations,  and  an  Index  of  Diseases 
and  their  Remedies.     By  Henry  Beasley.     Seventh  Edition.  Cloth,  $2.25 

Druggists'  General  Receipt  Book.  Comprising  a  copious  Veterinary  Formu- 
lary ;  Recipes  in  Patent  and  Proprietary  Medicines,  Druggists'  Nostrums, 
etc.;  Perfumery  and  Cosmetics  ;  Beverages,  Dietetic  Articles  and  Condi- 
ments ;  Trade  Chemicals,  Scientific  Processes,  and  an  Appendix  of  Useful 
Tables.     Ninth  Edition.     Revised.  Cloth,  $2.25 

Pocket  Formulary  and  Synopsis  of  the  British  and  Foreign  Pharmacopoeias. 
Comprising  Standard  and  Approved  Formulte  for  the   Preparations   and 
Compounds  Employed  in  Medical  Practice.    Eleventh  Edition.    Cloth,  ^2.25 
BIDDLE'S  Materia  Medica  and  Therapeutics.   Eleventh  Edition.    For  the  Use  of 
Students  and  Physicians.     By  Prof.  John  B.  Biddle,  m.d..  Professor  of  Materia 
Medica  in  Jefferson  Medical  College,  Philadelphia.     The  Eleventh  Edition,  thor- 
oughly revised,  and  in  many  parts  rewritten,  by  his  son,  Clement  Biddle,  m.d.. 
Assistant  Surgeon,  U.  S.  Navy,  and  Henry  Morris,  m.d.,  Fellow  of  the  College 
of  Physicians,  of  Philadelphia,  etc.  Cloth,  I4.25;  Sheep,  $5.00 

BIGELOW.  Plain  Talks  on  Medical  Electricity  and  Batteries,  with  a  Thera- 
peudc  Index  and  a  Glossary.  Prepared  for  Practitioners  and  Students  of  Medi- 
cine. By  Horatio  R.  Bigelow,  m.d.,  Fellow  of  the  British  Gynaecological 
Society ;  of  the  American  Electro-Therapeutic  Association  ;  Member  American 
Medical  Association,  etc.  43  Illus.,  and  a  Glossary.  2d  Ed.  i2mo.  Cloth,  ^i.oo 
BLACK.  Micro-Organisms.  The  Formadon  of  Poisons.  A  Biological  study  of 
the  Germ  Theor>^  of  Disease.     By  G.  V.  Black,  m.d.,  d.d.s.  Cloth,  ^1.50 
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BLACKBURN.  Autopsies.  A  Manual  of  Autopsies,  Designed  for  the  use  of  Hos- 
pitals for  the  Insane  and  other  Public  Institutions.  By  I.  W.  Blackburn,  m.d.. 
Pathologist  to  the  Government  Hospital  for  the  Insane,  Washington,  D.  C.  With 
ten  Full-page  Plates  and  four  other  Illustrations,     lamo.  Cloth,  $1.25 

BLAIR.  Potable  Waters.  The  Organic  Analysis  of.  By  J.  A.  Blair,  m.  b., 
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BLODGETT'S  Dental  Pathology.  By  Albert  N.  Blodgett,  m.d..  Late  Prof,  of 
Patholog)'  and  Therapeutics,  Boston  Dental  Coll.    33  lUus.    i2mo.    Cloth,  $1.75 

BLOXAM.  Chemistry,  Inorganic  and  Organic.  With  Experiments.  By 
Charles  L.  Bloxam.  Edited  by  J.  M.  Thompsox,  Professor  of  Chemistry  in 
King's  College,  London,  and  A.  G.  Bloxam,  Dem.  of  Chem.,  Royal  Agricultural 
College,  Cirencester.  Seventh  Edition.  Revised  and  Enlarged.  With  281 
Engravings.     8vo.  Cloth,  S4.50;  Leather,  $5.50 

BOWLBY.  Injuries  and  Diseases  of  the  Nerves,  and  their  surgical  treatment. 
By  Anthony  A.  Bowlby,  f.r.c.s.,  Dem.  of  Practical  Surgery  at  St.  Bartholo- 
mew's Hospital.  Illus.  by  4  Colored  and  20  Full-page  Plates.  Bvo.  Cloth,  S4.50 
Surgical  Pathology  and  Morbid  Anatomy.     135  Illustrations.  Cloth,  $2.00 

BOWMAN.  Practical  Chemistry,  including  analysis,  with  about  100  Illustrations. 
By  Prof.  John  E.  Bowman.  Eighth  English  Edition.  Revised  by  Prof.  Bloxam, 
Professor  of  Chemistry,  King's  College,  London.  Cloth,  $2.00 

BRTJBAKEIl.  Physiology.  A  Compend  of  Physiolog}',  specially  adapted  for  the 
use  of  Students  and  Physicians.  By  A.  P.  Brubaker,  m.d..  Demonstrator  of 
Physiology  at  Jefferson  Medical  College,  Prof,  of  Physiolog}-,  Penn'a  College  of 
Dental  Surgery,  Philadelphia.  Sixth  Edition.  Revised,  Enlarged  and  Illus- 
trated.   No.  4,  f  Quiz- Compend  Series  f    i2mo.     Cloth,  $1.00;   Interleaved,  $1.25 

BTJCKNILL  AND  TTJKE'S  Manual  of  Psychological  Medicine :   containin 
the   Lunacy  Laws,  the   Nosology,  ^tiolog}^  Statistics,  Description,  Diagnosis, 
Pathology  (including  morbid  Histology)  and  Treatment  of  Insanit}'.     By  John 
Charles  Bucknill,   m.d.,   f.r.s.,   and  Daniel  Hack  Tuke,   m.d.,   f.r.c.p. 
Fourth  Edition.    Numerous  illustrations.     8vo.  Cloth,  $8.00 

BULKLEY.  The  Skin  in  Health  and  Disease.  By  L.  Duncan  Bulkley,  m.d.,. 
Attending  Physician  at  the  New  York  Hospital.     Illustrated.  Cloth,  .50 

BTJXTON.  On  Anaesthetics.  A  Manual.  By  Dudley  Wilmot  Buxton,  m.r.c.s.» 
M.R.C.P.,  Ass't  to  Prof,  of  Med.,  and  Administrator  of  Anaesthetics,  University- 
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BITRNET.  Foods  and  Dietaries.  A  Manual  of  Clinical  Dietetics.  By  R.  W. 
Burnet,  m.d.,  m.r.c.p..  Physician  to  the  Great  Northern  Central  Hospital. 
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piratory Organs;  in  Gout,  Rheumatism,  Anaemia,  Fevers,  Obesity,  etc.;  in  Dis- 
eases of  Children,  Alcoholism,  etc.  With  Appendix  on  Predigested  Foods  and 
Invalid  Cookery.  Full  directions  as  to  hours  of  taking  nourishment,  quantity, 
etc.,  are  given.     i2mo.  Cloth,  Si-./S 

BURNETT.  Hearing,  and  How  to  Keep  It.  By  Chas.  H.  Burnett,  m.d.,  Prof, 
of  Diseases  of  the  Ear  at  the  Philadelphia  Polyclinic.     Illustrated.         Cloth,  .50 

BYFORD.  Diseases  of  Women.  The  Practice  of  Medicine  and  Surgery,  as 
applied  to  the  Diseases  and  Accidents  Incident  to  Women.  By  W.  H.  Bvford, 
A.M.,  M.D.,  Professor  of  Gynaecology  in  Rush  Medical  College  and  of  Obstetrics 
in  the  Woman's  Medical  College;  Surgeon  to  the  Woman's  Hospital  ;  Ex-Presi- 
dent American  Gynsecological  Society,  etc.,  and  Henry  T.  Byford,  m.d.,  Sur- 
geon to  the  Woman's  Hospital  of  Chicago ;  Gynaecologist  to  St.  Luke's  Hos- 
pital ;  President  Chicago  Gynsecological  Society,  etc.  Fourth  Edition.  Revised, 
Rewritten  and  Enlarged.  With  306  Illustrations,  over  100  of  which  are  original. 
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On  the  Uterus.     Chronic  Inflammation  and  Displacement.  Cloth,  $1.25 

CAIRD  and  CATHCART.  Surgical  Handbook  for  the  use  of  Practitioners  and 
Students.  By  F.  Mitchell  Cairo,  m.b.,  f.r.c.s.,  and  C.  Walker  Cathcart, 
M.B.,  f.r.c.s.,  Ass't  Surgeons  Royal  Infirmary.  With  over  200  Illustrations. 
32mo.     400  pages.     Pocket  size.  '  Leather  covers,  $2.50 
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CAMERON.  Oils  and  Varnishes.  A  Practical  Handbook,  by  James  Cameron, 
F.i.c.     With  Illustralions,  F"ormiihi;,  Tables,  etc.     i2mo.  Cloth,  ^2.50 

Soap  and  Candles.  A  New  Handbook  for  Manufacturers,  Chemists,  Ana- 
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i2nio.  Cloth,  ^2.25 
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M.D.,  F.R.S.  Seventh  Edition.  r>y  Rev.  Dk.  Dallinger,  f.  r.  s.  Revised  and 
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dAZEAUX  and  TARNIER'S  Midwifery.  With  Appendix,  by  Munde.  Eighth 
Revised  and  Enlarged  Edition.  With  Colored  Plates  and  numerous  other 
Illustrations.  The  Theory  and  Practice  of  Obstetrics,  including  the  Diseases 
of  Pregnancy  and  Parturition,  Obstetrical  Operations,  etc.  By  P.  Cazeaux, 
Member  of  the  Imperial  Academy  of  Medicine,  Adjunct  Professor  in  the  Faculty 
of  Medicine  in  Paris.  Remodeled  and  rearranged,  with  revisions  and  additions, 
by  S.  Tarnier,  m.d.,  Professor  of  Obstetrics  and  Diseases  of  Women  and 
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pendix by  Paul  F.  Munde,  m.d.,  Professor  of  Gynaecology  at  the  New  York 
Polyclinic,  and  at  Dartmouth  College ;  Vice-President  American  Gynaecological 
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M.D.,  Professor  of  Therapeutics  and  Materia  Medica,  Glasgow  University,  etc. 
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correct  Pronunciation  and  Definition  of  terms  used  in  medicine  and  the  col- 
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€OHEN.  The  Throat  and  Voice.  By  J.Solis-Cohen,  m.d.  Illus.  i2mo.    Cloth,  .50 

COLLIE,  On  Eevers.  A  Practical  Treatise  on  Fevers,  Their  History,  Etiology, 
Diagnosis,  Prognosis  and  Treatment.  By  Alexander  Collie,  m.d.,  m.r.c.p., 
Lond.     With  Colored  Plates.    Practical  Series.     See  Page  ig.  Cloth,  $2.50 

COOPER  AND  EDWARDS.  Diseases  of  the  Rectum  and  Anus.  By  Alfred 
Cooper,  f.r.c.s.,  Senior  Surgeon  to  St.  Mark's  Hospital  for  Fistula,  and  F. 
Swinford  Edwards,  f.r.c.s..  Surgeon  to  the  West  London  and  St.  Peter's 
Hospitals  and  Senior  Assistant  Surgeon  to  St.  Mark's  Hospital.  Second  Edition. 
Illustrated  and  much  Enlarged.     8vo.  bi  Press. 

CROCKER.  Diseases  of  the  Skin.  Their  Description,  Pathology,  Diagnosis  and 
Treatment.  By  H.  Radcliffe  Crocker,  m.d..  Physician  to  the  Dept.  of  Skin 
Dis.  University  College  Hospital,  London.  With  Illustrations.  Second  Edition. 
Enlarged.     In  Press. 

CULLINGWORTH.   A  Manual  of  Nursing,  Medical  and  Surgical.    By  Charles 

J.  Cullingworth,    m.d..   Physician  to  St.  Thomas'  Hospital,  London.     Third 

Revised  Edition.     With  18  Illustrations.     i2mo.  Cloth,  .75 

A  Manual  for  Monthly  Nurses.    Third  Edition.    32mo.  Cloth,  .50 

DAVIS.     Biology.     An    Elementary  Treatise.     By   J.   R.   Ainsworth    Davis,  of 

University  College,  Aberystwyth,  Wales.   Thoroughly  Illustrated.    i2mo.      #4.00 

DAVIS.     A  Manual  of  Obstetrics.     Being  a  complete  manual  for  Physicians  and 

Students.     By  Edward  P.  Davis,  m.d.,  Demonstrator  of  Obstetrics,  Jefferson 

Medical   College ;    Physician   to   the  Philadelphia  Hospital ;    Editor  American 

Journal  Medical  Sciences  ;  etc.     With  1 1  Colored  and  other  Lithograph  Plates 
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DAY.  On  Headaches.  The  Nature,  Causes  and  Treatment  of  Headaches.  By 
Wm.  H.  Day,  m.d.     Fourth  Edition.    Illustrated.    8vo.    Paper,  .75;  Cloth,  $1.25 

DOMVILLE.  Manual  for  Nurses  and  others  engaged  in  attending  to  the  sick.  By 
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Fourth  Edition,  Enlarged,  with  new  Illustrations.  Cloth.  $1.00 
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FENWICK.  Student's  Guide  to  Physical  Diagnosis.  By  Saml.  Fenwick,  m.d., 
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FIELD.  Evacuant  Medication— Cathartics  and  Emetics.  By  Henry  M.  Field, 
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D.M.D.,  Professor  of  Operative  Dentistry  in  the  Dental  School  of  Harvard  Uni- 
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F.R.C.S.,  F.R.S.,  Hunterian  Professor  of  Comparative  Anatomy,  and  Conservator 
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FLUCKIGER.  The  Cinchona  Barks  Pharmacognostically  Considered.  By 
Professor  Friedrich  Fluckiger,  of  Strasburg.  Translated  by  Frederick  B. 
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FOX.  Water,  Air  and  Food.  Sanitary  Examinations  of  Water,  Air  and  Food. 
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Mothers.     By  Anna   M.  Fullerton,  m.d..  Demonstrator  of  Obstetrics  in  the 

Woman's   ^ledical   College ;    Physician    in   charge  of,    and   Obstetrician    and 

Gynaecologist  to,  the  Woman's  Hospital,   Philadelphia,  etc.     34   Illustrations. 

Second  Edition.     Revised  and  Enlarged.     i2mo.  Cloth,  §1.25 

Nursing  in  Abdominal  Surgery  and  Diseases  of  Women.    Comprising  the 

Regular  Course   of  Instruction   at  the    Training    School   of  the  Woman's 

Hospital,  Philadelphia.     70  Illustrations.     i2mo.  Cloth,  51.50 

GALABIN'S  Midwifery.  A  Manual  for  Students  and  Practitioners.  By  A.  Lewis 
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GARDNER.    The  Brewer,  Distiller  and  Wine  Manufacturer.    A  Handbook  for 

all  Interested  in  the  Manufacture  and  Trade  of  Alcohol  and  Its  Compounds. 

Edited  by  John  Gardner,  f.c.s.     Illustrated.  Cloth,  $1.75 

Bleaching,  Dyeing,  and  Calico  Printing.  With  Formulae.    Illustrated.     §1.75 

Acetic  Acid,  Vinegar,  Ammonia  and  Alum.     Illustrated.  Cloth,  $1.75 

GA.RROD.  On  Rheumatism.  A  Treatise  on  Rheumatism  and  Rheumatic  Arthritis. 
Bv  Archibald  Edward  Garrod,  m.a.  Oxon.,  m.d.,  m.r.c.s.  Eng.,  Asst.  Phy- 
sician, West  London  Hospital.     Illustrated.     Octavo.  Cloth,  $6.00 

GILLIAM'S  Pathology.  The  Essentials  of  Pathology;  a  Handbook  for  Students. 
By  D.  Tod  Gilliam,  m.d..  Professor  of  Physiolog}',  Starhng  Medical  College, 
Columbus,  O.    With  47  Illustrations.    i2mo.  '  Cloth,  §2.00 

GOODHART  and  STARR'S  Diseases  of  Children.  The  Student's  Guide  to  the 
Diseases  of  Children.  By  J.  F.  Goodhart,  .m.d.,  f.r.c.p.,  Physician  to  Evelina 
Hospital  for  Children  and  to  Guy's  Hospital.  Second  American  from  the  Third 
English  Edition.  Rearranged  and  Edited,  with  notes  and  additions,  by  Louis 
Starr,  m.d..  Clinical  Professor  of  Diseases  of  Children  in  the  University'  of 
Pennsylvania  ;  Physician  to  the  Children's  Hospital.  With  many  new  prescrip- 
tions. Cloth,  $3. 00;  Leather,  $3.50 

OORGAS'S  Dental  Medicine.  A  Manual  of  Materia  Medica  and  Therapeutics. 
By  Ferdinand  J.  S.  Gorgas,  m.d.,  d.d.s.,  Professor  of  the  Principles  of  Dental 
Science,  Dental  Surgery-  and  Dental  Mechanism  in  the  Dental  Dep.  of  the  Univ. 
of  Mar}-land.     4th  Edition.     Revised  and  Enlarged.     8vo.  Cloth,  $3.50 

GOULD'S  New  Medical  Dictionary.  Including  all  the  Words  and  Phrases  used 
m  Medicine,  with  their  proper  Pronunciation  and  Definitions,  based  on  Recent 
Medical  Literature.  By  George  M.  Gould,  b.a.,  m.d..  Ophthalmic  Surgeon  to 
the  Philadelphia  Hospital,  etc..  With  Tables  of  the  Bacilli,  Micrococci,  Leuco- 
maines.  Ptomaines,  etc.,  of  the  Arteries,  Muscles,  Nerves,  Ganglia  and  Plexuses; 
Mineral  Springs  of  U.  S.,  ^'ital  Statistics,  etc.     Small  octavo,  520  pages. 

Half  Dark  Leather,  §3.25;  Half  Morocco,  Thumb  Index,  $4.25 

* :^  Sample  pages  and  descriptive  circular  of  Gould's  Dictionary  sent  free  upon 
application.     See  page  4. 
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GOODHART.    The  Neurotic  Element  in  Disease  and  Its  Treatment.    By  J.  F. 

GooDHART,  M.D.,  F.R.C.P.,  Physician  to  Guy's  Hospital,  etc.  In  Press. 

GOWERS,  Manual  of  Diseases  of  the  Nervous  System.  A  Complete  Text-book. 
By  William  R.  Gowers,  m.d.,  Prof.  Clinical  Medicine,  University  College, 
London.  Physician  to  National  Hospital  for  the  Paralyzed  and  Epileptic.  Second 
Edition.  Revised,  Enlarged  and  in  many  parts  rewritten.  With  many  new 
Illustrations.     Two  Volumes.     Octavo. 

Vol.  I.    Diseases  of  the  Nerves  and  Spinal  Cord.    6i6  pages.       Cloth,  $3.50 

Vol.  II.     Diseases  of    the    Brain    and    Cranial    Nerves;    General  and 

Functional  Diseases.  Nearly  Ready. 

Diagnosis  of  Diseases  of  the  Brain.    8vo.    Second  Ed.    Illus.    Cloth,  $2.00 
Diagnosis  of  Diseases  of  the  Spinal  Cord.    4th  Edition.  Preparing. 

Medical  Ophthalmoscopy.  A  Manual  and  Atlas,  with  Colored  Autotype  and 
Lithographic  Plates  and  Wood-cuts,  comprising  Original  Illustrations  of  the 
changes  of  the  Eye  in  Diseases  of  the  Brain,  Kidney,  etc.  Third  Edition. 
Revised,  with  the  assistance  of  R.  Marcus  Gunx,  f.r.c.s.,  Surgeon,  Royal 
London  Ophthalmic  Hospital,  Moorfields.     Octavo.  Cloth,  $5.50 

GROSS'S  Biography  of  John  Hunter.  John  Hunter  and  His  Pupils.  By  Profes- 
sor S.  D.  Gross,  m.d.     With  a  Portrait.     8vo.  Paper,  .75 

GREENHOW.  Chronic  Bronchitis,  as  connected  with.Gout,  Emphysema,  and 
Diseases  of  the  Heart.     By  E.  H.  Greexhow,  m.d.         Paper,  .75  ;  Cloth,  $1.25 

GRIFFITH'S  Graphic  Clinical  Chart.  Designed  by  J.  P.  Crozer  Griffith, 
M.D.,  Instructor  in  Clinical  Medicine  in  the  University  of  Pennsylvania.  Printed 
in  three  colors.     Sample  copies  free.  Put  up  in  loose  packages  of  50,    .50 

Price  to  Hospitals,  500  copies,  $4.00;  1000  copies,  $7.50.  With  name  of  Hos- 
pital printed  on,  50  cents  extra. 

GROVES  AND  THORP.    Chemical  Technology.    A  new  and  Complete  Work. 

The  Application  of  Chemistry  to  the  Arts  and  Manufactures.  Edited  by 
Charles  E.  Groves,  f.r.s.,  and  Wm.  Thorp,  b.Sc,  f.i.c.  In  about  eight  vol- 
umes, with  numerous  illustrations.     Each  volume  sold  separately . 

Vol.  I.  Fuel.  By  Dr.  E.  J.  Mills,  f.r.s.,  Professor  of  Chemistr}^  Anderson 
College,  Glasgow ;  and  Mr.  F.  J.  Rowan,  assisted  by  an  American  expert.  607 
Illustrations  and  4  plates.     Octavo.  Cloth,  7.50;  Half  Morocco,  $9.00 

HADDON'S  Embryology.  An  Introduction  to  the  Study  of  Embryology.  For 
the  Use  of  Students.  By  A.  C.  Haddon,  m.a..  Prof,  of  Zoology,  Royal  College 
of  Science,  Dublin,     igo  Illustrations.  Cloth,  $6.00 

HAIG.  Causation  of  Disease  by  Uric  Acid.  A  Contribution  to  the  Pathology  of 
High  Arterial  Tension,  Headache,  Epilepsy,  Gout,  Rheumatism,  Diabetes, 
Bright's  Disease,  etc.  By  Alex.  Haig,  m.a.,  m.d.  Oxon.,  f.r.c.p..  Physician  to 
Metropolitan  Hospital,  London.     Illustrated.     Octavo.  Cloth,  $3.00 

HALE  On  the  Management  of  Children  in  Health  and  Disease.  A  Book  for 
Mothers.     By  Amie  M.  Hale,  m.d.    New  Enlarged  Edition.     i2mo.     Cloth,  .75 

HARE.  Mediastinal  Disease.  The  Pathology,  Clinical  History  and  Diagnosis  ol 
Affections  of  the  Mediastinum  other  than  those  of  the  Heart  and  Aorta,  with 
tables  giving  the  Clinical  History  of  520  cases.  The  essay  to  which  was  awarded 
the  Fothergilhan  Medal  of  the  Medical  Society  of  London,  1888.  By  H.  A. 
Hare,  m.d.  (Univ.  of  Pa.),  Professor  of  Materia  Medica  and  Therapeutics  in 
Jefferson  Medical  College,  Phila.     8vo.     Illustrated  by  Six  Plates.       Cloth,  §2.00 

HARLAN.  Eyesight,  and  How  to  Care  for  It.  By  George  C.  Harlan,  m.d., 
Prof,  of  Diseases  of  the  Eye,  Philadelphia  Polyclinic.     Illustrated.         Cloth,  .50 
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HAHRIS'S  Principles  and  Practice  of  Dentistry.  Including  Anatomy,  Physi- 
ology, Pathology,  Therapeutics,  Dental  Surgerj'  and  Mechanism.  By  Chapin  A. 
Harris,  m.d.,  d.d.s.,  late  President  of  the  Baltimore  Dental  College,  author  of 
"Dictionary  of  Medical  Terminology  and  Dental  Surgery."  Twelfth  Edition. 
Revised  and  Edited  by  Ferdinand  J.  S.  Gorgas,  a.m.,  m.d.,  d.d.s.,  author  of 
"Dental  Medicine;"  Professor  of  the  Principles  of  Dental  Science,  Dental 
Surgery  and  Dental  Mechanism  in  the  University  of  Maryland.  Two  Full-page 
Plates  and  ioS6  Illustrations.    1225  pages.    8vo.        Cloth,  17.00;  Leather,  $8.00 

Dictionary  of  Dentistry.  Fifth  Edition,  Revised.  Including  Definitions  of 
such  Words  and  Phrases  of  the  Collateral  Sciences  as  Pertain  to  the  Art  and 
Practice  of  Dentistry.  Fifth  Edition.  Rewritten,  Revised  and  Enlarged. 
By  Ferdinand  J.  S.  Gorgas,  m.d.,  d.d.s.,  Author  of  "Dental  Medicine;" 
Editor  of  Harris's  "Principles  and  Practice  of  Dentistry;"  Professor  of 
Principles  of  Dental  Science,  Dental  Surgery,  and  Prosthetic  Dentistry  in  the 
University  of  Maryland.     Octavo.  '        Cloth,  $5.00 ;  Leather,  $6.00 

HARTRIDGE.  Refraction.  The  Refraction  of  the  Eye.  A  Manual  for  Students. 
By  GusTAVUS  Hartridge,  f.r.c.s..  Consulting  Ophthalmic  Surgeon  to  St.  Bar- 
tholomew's Hospital ;  Ass't  Surgeon  to  the  Royal  Westminster  Ophthalmic  Hos- 
pital, etc.     96  Illustrations  and  Test  Types.     Fifth  Edition.  Cloth,  $1.75 

On  The  Ophthalmoscope.  A  Manual  for  Physicians  and  Students.  With 
Colored  Plates  and  many  Woodcuts.     i2mo.  Cloth,  $1.50 

HARTSHORNE.  Our' Homes.  Their  Situation,  Construction,  Drainage,  etc.  By 
Henry  Hartshorne,  m.d.     Illustrated.  Cloth,  .50 

HATFIELD.  Diseases  of  Children.  By  Marcus  P.  Hatfield,  Professor  of 
Diseases  of  Children,  Chicago  Medical  College.  With  a  Colored  Plate.  Being 
N0.14,?  Quiz-Compe7id?  Sej-ies.     i2mo.  Cloth,  $1.00 

Interleaved  for  the  addition  of  notes,  $1.25 

HEADLAND'S  Action  of  Medicines.  On  the  Action  of  Medicines  in  the  System. 
By  F.  W.  Headland,  m.d.     Ninth  American  Edition.     8vo.  Cloth,  ^3.00 

HEATH'S  Minor  Surgery  and  Bandaging.    By  Christopher  Heath,  f.r.c.s., 

Holme   Professor  of  Clinical   Surgery   in   University  College,  London.     Ninth 
Edidon.     Revised  and  Enlarged.     With  142  Illustrations.     i2mo.      Cloth,  $2.00 

Practical  Anatomy.  A  Manual  of  Dissections.  Seventh  London  Edition. 
24  Colored  Plates,  and  nearly  300  other  Illustrations.  Cloth,  $5.00 

Injuries  and  Diseases  of  the  Jaws.  Third  Edition.  Revised,  with  over 
150  Illustrations.     8vo.  Cloth,  $4.50 

Lectures  on  Certain  Diseases  of  the  Jaws,  delivered  at  the  Royal  College  of 
Surgeons  of  England,  1887.     64  Illustrations.     8vo.  Boards,  $1.00 

HENRY.  Anasmia.  A  Practical  Treatise.  By  Fred'k  P.  Henry,  m.d..  Prof. 
Clinical  Med.  Phila.  Polyclinic,  Physician  to  Episcopal  and  Phila.  Hospitals,  to 
Home  for  Consumptives,  etc.     i2mo.  Half  Cloth,  .75 

HIGGENS'  Ophthalmic  Practice.  A  Manual  for  Students  and  Practidoners.  By 
Charles  Higgens,  f.r.c.s.  Ophthalmic  Surgeon  at  Guy's  Hospital.  IVactical 
Series.     See  Page  ig.  Cloth,  $1.75 

HILL  AND  COOPER.  Venereal  Diseases.  The  Student's  Manual  of  Venereal 
Diseases,  being  a  concise  description  of  those  Affections  and  their  Treatment. 
By  Berkeley  Hill,  m.d.,  Professor  of  Clinical  Surgery,  University  College,  and 
Arthur  Cooper,  m.d..  Late  House  Surgeon  to  the  Lock  Hospital,  London. 
4th  Edition.     i2mo.  Cloth,  |i.oo 

HOLDEN'S  Landmarks.     Medical  and  Surgical.     4th  Edition.     8vo.     Cloth,  $1.25 
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HOLDEN'S  Anatomy.  A  Manual  of  the  Dissections  of  the  Human  Body.  By 
Luther  Holdex,  f.r.c.s.  Fifth  Edition.  Carefully  Revised  and  Enlarged. 
Specially  concerning  the  Anatomy  of  the  Nervous  System,  Organs  of  Special 
Sense,  etc.  By  John  Langton,  f.r.c.s.,  Surgeon  to,  and  Lecturer  on  Anatomy 
at,  St.  Bartholomew's  Hospital.     208  Illustrations.     8vo. 

Oilcloth  Covers,  for  the  Dissecting  Room,  )g4.5o 
Human  Osteology.  Comprising  a  Description  of  the  Bones,  with  Colored 
Delineations  of  the  Attachments  of  the  Muscles.  The  General  and  Micro- 
scopical Structure  of  Bone  and  its  Development.  Carefully  Revised.  By 
the  Author  and  Prof.  Stewart,  of  the  Royal  College  of  Surgeons'  Museum. 
With  Lithographic  Plates  and  Numerous  Illustrations.    7th  Ed.    Cloth,  $6.00 

HOLLAND.  The  TJrine,  the  Common  Poisons  and  the  Milk.  Memoranda,  Chem- 
ical and  Microscopical,  for  Laboratory  Use.  By  J.  W.  Holland,  m.d..  Professor 
of  Medical  Chemistry  and  Toxicology  in  Jefferson  Medical  College,  of  Philadel- 
phia. Fourth  Edition.  Enlarged.  Illustrated  and  Interleaved.  i2mo.    Cloth,  $1.00 

HORSLEY.  The  Ifervous  System.  Its  Structure  and  Functions.  Being  the  Ful- 
lerian  Lectures  on  Physiology  for  1891.  By  Victor  A.  Horsley,  m.b.,  f.r.s., 
etc.,  Assistant  Surgeon,  University  College  Hospital,  Professor  of  Pathology', 
University  College,  London,  etc.     With  numerous  illustrations.      Nearly  Ready. 

HORWITZ'S  Compend  of  Surgery,  including  Minor  Surgery,  Am.putations,  Frac- 
tures, Dislocations,  Surgical  Diseases,  and  the  Latest  Antiseptic  Rules,  etc.,  with 
Differential  Diagnosis  and  Treatment.  By  Orville  Horwitz,  b.s.,  m.d..  Dem- 
onstrator of  Anatomy,  Jefferson  Medical  College ;  Chief,  Out-Patient  Surgical 
Department,  Jefferson  Medical  College  Hospital.  Third  Edition.  Very  much 
Enlarged  and  Rearranged.  91  Illustrations  and  77  Formulae.  i2mo.  No.g  fQuiz- 
Compendf  Series.  Cloth,  gi.oo.     Interleaved  for  the  addition  of  notes,  $1.25 

HTJGHES.  Compend  of  the  Practice  of  Medicine.  Fourth  Edition.  Revised  and 
Enlarged.  By  Daniel  E.  Hughes,  m.d..  Demonstrator  of  Clinical  Medicine  at 
Jefferson  Medical  College,  Philadelphia.  In  two  parts.  Being  Nos.  2  and  j, 
f  Quiz-  Compend  ?  Series. 

Part  I. — Continued,  Eruptive  and  Periodical  Fevers,  Diseases  of  the  Stomach, 
Intestines,  Peritoneum,  Biliary  Passages,  Liver,  Kidneys,  etc.,  and  General 
Diseases,  etc. 

Part  II. — Diseases  of  the  Respiratory  System,  Circulatory  System  and  Ner- 
vous System  ;  Diseases  of  the  Blood,  etc. 

Price  of  each  Part,  in  Cloth,  gi.oo ;  interleaved  for  the  addition  of  Notes,  $1.25 
Physicians'  Edition. — In  one  volume,  including  the  above  two  parts,  a  sec- 
tion on  Skin  Diseases,  and  an  index.     Fourth  revised,  enlarged  Editioji. 
462  pages.  Full  Morocco,  Gilt  Edge,  $2.50 

HUMPHREY.  A  Manual  for  Nurses.  Including  general  Anatomy  and  Physiology, 
management  of  the  sick-room,  etc.  By  Laurence  Humphrey,  m.a.,  m.b., 
M.R.C.S.,  Assistant  Physician  to,  and  Lecturer  at,  Addenbrook's  Hospital,  Cam- 
bridge, England.     6th  Edition.     i2mo.     Illustrated.  Cloth,  $1.25 

HUTCHINSON.  The  Nose  and  Throat.  A  Manual  of  the  Diseases  of  the  Nose 
and  Throat,  including  the  Nose,  Naso-Pharynx,  Pharynx  and  Larynx.  By 
Procter  S.  Hutchinson,  m.r.c.s.,  Ass't  Surgeon  to  the  London  Hospital  for 
Diseases  of  the  Throat.  Illustrated  by  several  Lithograph  Plates  and  40  other 
plates,  many  of  which  have  been  made  from  original  drawings.  i2mo.  Cloth,  $1.25 

JACOBSON.  Operations  of  Surgery.  By  W.  H.  A.  Jacobson,  b.a.  oxon., 
F.R.C.S.,  Eng. ;  Ass't  Surgeon,  Guy's  Hospital ;  Surgeon  at  Royal  Hospital  for 
Children  and  Women,  etc.     With  over  200  Illust.      Cloth,  $5.00  ;  Leather,  $6.00 

JAWORSKI.  Carlsbad  Sprudel  Salt.  Its  Action,  Therapeutic  Value  and  Use, 
and  its  relation  to  the  Carlsbad  Thermal  Water.  By  Dr.  W.  Jaworski,  Univer- 
sitats-Dozenten  in  Krakau,  with  a  Dietary  by  the  Translator,  A.  L.  A.  Toboldt 
m.d.,  Ass't  Demonstrator  of  Pharmacy,  University  of  Pennsylvania. 

C)ctavo.     Cloth,  $2.00 
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EIEKES'  Physiology.  {Authorized  Edition.  i2i)io.  Dark  Red  Cloth.)  A  Hand- 
book of  Physiology.  Twelfth  London  Edition,  Revised  and  Enlarged.  By  W. 
MORRANT  Baker,' M.D.,  and  Vincent  Dormer  Harris,  m.d.  502  Illustrations. 
i2mo.     880  Pages.  Cloth,  $4.00;  Leather,  $5.00 

KLEEN  AND  HARTWELL.  Handbook  of  Massage.  By  Emil  Kleen,  m.d., 
I'H.D.,  Stockholm  and  Carlsbad.  Authorized  Translation  from  the  Swedish,  by 
Edward  Mussey  Hartwell,  m.d.,  ph.d.,  Director  of  Physical  Training  in  the 
Public  Schools  of  Boston.  With  an  Introduction  by  Dr.  S.  Weir  Mitchell. 
of  Philadelphia.  Illustrated  with  a  series  of  Photographs  made  specially  by 
Dr.  Kleen  for  the  American  Edition.     8vo.  In  Press. 

LANDIS'  Compend  of  Obstetrics  ;  especially  adapted  to  the  Use  of  Students  and 
Physicians.  By  Henry  G.  Landis,  m.d.,  Professor  of  Obstetrics  and  Diseases 
of  Women,  in  Starling  Medical  College,  Columbus,  Ohio.  Fourth  Edition. 
Enlarged.     With  Many  Illustrations.     No.  ^  ?  Qiiiz-Covipendf  Series. 

Cloth,  $1.00;  interleaved  for  the  addition  of  Notes,  $1.25 

LANDOIS.  A  Text-Book  of  Human  Physiology  ;  including  Histology  and  Micro- 
scopical Anatomy,  with  special  reference  to  the  requirements  of  Practical  Medi- 
cine. By  Dr.  L.  Landois,  Professor  of  Physiology  and  Director  of  the  Physio- 
logical Institute  in  the  University  of  Greifswald.  Fourth  American,  translated 
from  the  Seventh  German  Edition,  with  additions,  by  Wm.  Stirling,  m.d.,  d.Sc, 
Brackenbury  Professor  of  Physiology  and  Histology  in  Owen's  College,  and  Pro- 
fessor in  Victoria  University,  Manchester  ;  Examiner  in  Physiology  in  University 
of  Oxford,  England.  With  845  Illustrations,  many  of  which  are  printed  in 
Colors.     8vo.  Cloth,  $7.00 ;  Leather,  $8.00 

LEBER  AND  ROTTENSTEIN.  Dental  Caries  and  Its  Causes.  An  Investigation 
into  the  Influence  of  Fungi  in  the  Destruction  of  the  Teeth.  By  Drs.  Leber 
and  Rottenstein.     Illustrated.  Paper,  .75 

LEE.  The  Microtomist's  Vade  Mecum.  Second  Edition.  A  Handbook  of 
Methods  of  Microscopical  Anatomy.  By  Arthur  Bolles  Lee,  Ass't  in  the  Rus- 
sian Laboratory  of  Zoology,  at  Villefranche-sur-Mer  (Nice).  660  Formulae,  etc. 
Enlarged  and  Revised.      '  Cloth,  $4.00 

LEFFMANN'S  Compend  of  Chemistry,  Inorganic  and  Organic.  Including  Urine 
Analysis.  By  Henry  Leffmann,  m.d.,  Prof,  of  Chemistry  and  Metallurgy  in 
the  Penna.  College  of  Dental  Surgery  and  in  the  Wagner  Free  Institute  of 
Science,  Philadelphia.  No.  10  ? Quiz- Compend?  Series.  Third  Edition.  Re- 
written. Cloth,  Si.oo.     Interleaved  for  the  addition  of  Notes,  $1.25 

LEFFMANN  &  BEAM.  Examination  of  "Water  for  Sanitary  and  Technical  Pur- 
poses. By  J-Ienry  Leffmann,  m.d..  Professor  of  Chemistry  and  Metallurgy, 
Penna.  College  of  Dental  Surgery,  Hygienist  and  Food  Inspector  Penna.  State 
Board  of  Agriculture,  etc.;  and  William  Beam,  a.m.,  formerly  Chief  Chemist 
B.  &  O.  R.  R.  Second  Edition.  Enlarged.  Illustrated.  i2mo.  Cloth,  $1.25 
Progressive  Exercises  in  Practical  Chemistry.  A  Laboratory  Handbook. 
Illustrated.     i2mo.  Cloth,  $1.00 

LEGGr    on  the  Urine.      Practical    Guide   to  the   Examination    of   Urine.      By  J. 
Wickham  Legg,  M.D.    Sixth  Edition,  Enlarged.     Illustrated.     i2mo.    Cloth,  .75 
LEWERS.     On  the  Diseases  of  Women.     Second  Edition.     With  146  Engravings. 
Practical  Series.     See  Page  ig.     i2mo.  Cloth,  $2.50 

LEWIS,  (BEVAN).  Mental  Diseases.  A  text-book  having  special  reference  to  the 
Pathological  aspects  of  Insanity.  By  Bevan  Lewis,  l.r.c.p.,  m.r.c.s..  Medi- 
cal Director,  West  Riding  Asylum,  Wakefield,  England.  18  Lithographic  Plates 
and  other  Illustrations.     8vo.  Cloth,  $6.00 

LINCOLN.    School  and  Industrial  Hygiene.    By  D.  F.  Lincoln,  m.d.    Cloth,  .50 
LIZARS,  (JOHN).     On  Tobacco.     The  Use  and  Abuse  of  Tobacco.  Cloth,  .50 

LONGLEY'S  Pocket  Medical  Dictionary  for  Students  and  Physicians.  Giving 
the  Correct  Definition  and  Pronunciation  of  all  Words  and  Terms  in  General 
Use  in  ]Medicine  and  the  Collateral  Sciences,  with  an  Appendix,  containing 
Poisons  and  their  Antidotes,  Abbreviations  Used  in  Prescriptions,  and  a  Metric 
Scale  of  Doses.     By  Elias  Longley.         Cloth,  $1.00;  Tucks  and  Pocket,  $1.25 
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MACNAMARA.  On  the  Eye.  A  Manual  of  the  Diseases  of  the  Eye.  By  C. 
Macnamara,  m.d.  Fifth  Edition,  Carefully  Revised ;  with  Additions  and 
Numerous  Colored  Plates,  Diagrams  of  Eye,  Wood-cuts,  and  Test  Types. 
Demi  8vo.  Cloth,  $4.00 

MACALISTER'S  Human  Anatomy.  800  Illustrations.  A  New  Text-book  for 
Students  and  Practitioners.  Systematic  and  Topographical,  including  the 
Embryology,  Histology  and  Morphology  of  Man.  With  special  reference  to  the 
requirements  of  Practical  Surgery  and  Medicine.  By  Alex.  Macalister,  m.d., 
F.R.S.,  Professor  of  Anatomy  in  the  University  of  Cambridge,  England ;  Examiner 
in  Zoology  and  Comparative  Anatomy,  University  of  London ;  formerly  Professor 
of  Anatomy  and  Surgery,  University  of  Dublin.  With  816  Illustrations,  400  of 
which  are  original.     Octavo.  Cloth,  $7.50;  Leather,  $8.50 

MACLOK' AID'S  Microscopical  Examinations  of  Water  and  Air.  A  Guide  to  the 
Microscopical  Examination  of  Drinking  Water,  with  an  Appendix  on  the  Micro- 
scopical Examination  of  Air.  By  J.  D.  Macdonald,  m.d.  With  25  Litho- 
graphic Plates,  Reference  Tables,  etc.    Second  Ed.,  Revised.     8vo.    Cloth,  ^2.75 

MACKENZIE.  Diseases  of  the  Throat  and  Nose.  By  Sir  Morell  Mackenzie, 
M.D.,  Senior  Physician  to  the  Hospital  for  Diseases  of  the  Chest  and  Throat, 
London.     Illustrated.     2  Volumes.     Octavo. 

The  Pharmacopoeia  of  the  Hospital  for  Diseases  of  the  Throat  and  Nose. 
Fourth  Edition,  Enlarged,  Containing  250  Formulas,  with  Directions  for  their 
Preparation  and  Use.     i6mo.  Cloth,  §1.25 

MANN'S  Manual  of  Psychological  Medicine  and  Allied  Nervous  Diseases.  Their 
Diagnosis,  Pathology,  Prognosis  and  Treatment,  including  their  Medico-Legal 
Aspects  ;  with  chapter  on  Expert  Testimony,  and  an  abstract  of  the  laws  relating 
to  the  Insane  in  all  the  States  of  the  Union.  By  Edward  C.  Mann,  m.d., 
member  of  the  New  York  County  Mfedical  Society.  With  Illustrations  of  Typical 
Faces  of  the  Insane,  Handwriting  of  the  Insane,  and  Micro-photographic  Sec- 
tions of  the  Brain  and  Spinal  Cord.     Octavo.  Cloth,  §5.00 

MARSHALL'S  Physiological  Diagrams,  Life  Size,  Colored.    Eleven  Life-size 
Diagrams  (each  7  feet  by  3  feet  7  inches).     Designed  for  Demonstration  before 
the   Class.    By  John  Marshall,  f.r.s.,  f.r.c.s..  Professor  of  Anatomy  to  the 
Royal  Academy ;  Professor  of  Surgery,  University  College,  London,  etc. 

In  Sheets  Unmounted,  net,  1:40.00 
Backed  with  Muslin  and  Mounted  on  Rollers,  net,  $60.00 
Ditto,  Spring  Rollers,  in  Handsome  Walnut  Wall  Map  Case  (Send  for 

Special  Circular),         .........       Net,  $100.00 

Single  Plates,  Sheets,  net,  $5.00;  Mounted,  $7.50;  Explanatory  Key,  50  cents. 

N^.  I — The  Skeleton  and  Ligaments.  No.  2 — The  Muscles  and  Joints,  with 
Animal  Mechanics.  No.  3 — The  Viscera  in  Position.  The  Structure  of  the  Lungs. 
No.  4 — The  Heart  and  Principal  Blood-vessels.  No.  5 — The  Lymphatics  or  Absorb- 
ents. No.  6 — The  Digestive  Organs.  No.  7 — The  Brain  and  Nerves.  Nos.  8  and  9 — 
The  Organs  of  the  Senses.  Nos.  10  and  11 — The  Microscopic  Structure  of  the 
Textures  and  Organs.     {Send for  Special  Circular.^ 

MARSHALL  &  SMITH.  On  the  TJrine.  The  Chemical  Analysis  of  the  Urine. 
By  John  Marshall,  m.d.,  and  Prof.  Edgar  F.  Smith,  of  the  Chemical  Labora- 
tories, University  of  Pennsylvania.     Phototype  Plates.     i2mo.  Cloth,  $1.00 

MASON'S  Compend  of  Electricity,  and  its  Medical  and  Surgical  Uses.  By 
Charles  F.  Mason,  m.d..  Assistant  Surgeon  U.  S.  Army.  With  an  Intro- 
duction by  Charles  H.  May,  m.d..  Instructor  in  the  New  York  Polyclinic. 
Numerous  Illustrations.     i2mo.  Cloth,  $1.00 

McBRIDE.  Diseases  of  the  Throat,  Nose'and  Ear.  A  Clinical  Manual  for  Stu- 
dents and  Practitioners.  By  P.  McBride,  m.  d.,  f.  r.  c.  p.  Edin.,  Surgeon  to  the 
Ear  and  Throat  Department  of  the  Royal  Infirmary ;  Lecturer  on  Diseases  of 
Throat  and  Ear,  Edinburgh  School  of  Medicine,  etc.  With  Colored  Illustrations 
from  Original  Drawings.     Octavo.  Handsome  Cloth,  Gilt  Top,  $7.00 
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MAXWELL.  Terminologia  Medica  Polyglotta.  By  Dr.  Theodore  Maxwell, 
assisted  by  others  in  various  countries.     8vo.  Cloth,  $4.00 

The  object  of  this  work  is  to  assist  the  medical  men  of  any  nationality  in  reading  medical  literature  written 
in  a  language  not  their  own.  Each  term  is  usually  given  in  seven  languages,  viz.  :  English,  French,  German, 
Italian,  Spanish,  Russian  and  Latin. 

MAYS'  Therapeutic  Forces  ;  or,  The  Action  of  Medicine  in  the  Light  of  the  Doc- 
trine of  Conservation  of  Force.  By  Thomas  J.  Mays,  m.d.  Cloth,  51.25 
Theine  in  the  Treatment  of  Neuralgia.  Being  a  Contribution  to  the  Thera- 
peutics of  Pain.     i6mo.                                                                      ^  bound,  .50 

MEDICAL  Directory  of  Philadelphia  and  Camden,  1889,  Containing  lists  of 
Physicians  0/  all  Schools  of  Practice,  Dentists,  Veternarians,  Druggists  and 
Chemists,  with  information  concerning  Medical  Societies,  Colleges  and  Associa- 
tions, Hospitals,  Asylums,  Charities,  etc.  Morocco,  Gilt  edges,  $2.50 

MEIGS.  Milk  Analysis  and  Infant  Feeding.  A  Practical  Treatise  on  the  Ex- 
amination of  Human  and  Cows'  Milk,  Cream,  Condensed  Milk,  etc.,  and 
Directions  as  to  the  Diet  of  Young  Infants.  By  Arthur  V.  Meigs,  m.d..  Physi- 
cian to  the  Pennsylvania  Hospital,  Philadelphia.     i2mo.  Cloth,  $1.00 

MEIGS  and  PEPPER  on  Children.  A  Practical  Treatise  on  the  Diseases  of 
Children.  By  J.  Forsyth  Meigs,  m.d.,  and  William  Pepper,  m.d.,  Professor 
of  the  Principles  and  Practice  of  Medicine  in  the  Medical  Department,  Univer- 
sity of  Pennsylvania.     Seventh  Edition.  Cloth,  $5.00;  Leather,  $6.00 

MEMMINGER.  Diagnosis  by  the  Urine.  The  Practical  Examination  of  Urine, 
with  Special  Reference  to  Diagnosis.  By  Allard  Memminger,  m.d.,  Professor 
of  Chemistry  and  of  Hygiene  in  the  Medical  College  of  the  State  of  S.  C. ;  Visiting 
Physician  in  the  City  Hospital  of  Charleston,  etc.    23  lUus.     i2mo.     Cloth,  $1.00 

MERRELL'S  Digest  of  Materia  Medica.  Forming  a  Complete  Pharmacopoeia  for 
the  use  of  Physicians,  Pharmacists  and  Students.  By  Albert  Merrell,  m.d. 
Octavo.  Half  dark  Calf,  $4.00 

MEYER.  Ophthalmology.  A  Manual  of  Diseases  of  the  Eye.  By  Dr.  Edouard 
Meyer,  Prof  a  L'fecole  de  la  Faculte  de  Medecine  de  Paris,  Chev.  of  the  Legion 
of  Honor,  etc.  Translated  from  the  Third  French  Edition,  with  the  assistance 
of  the  author,  by  A.  Freedland  Fergus,  m.b.,  Assistant  Surgeon  Glasgow 
Eye  Infirmary.  With  270  Illustrations,  and  two  Colored  Plates  prepared 
under  the  direction  of  Dr.  Richard  Liebreich,  m.r.cs..  Author  of  the  "Atlas 
of  Ophthalmoscopy."     8vo.  Cloth,  $4. 50  ;  Leather,  $5.50 

MILLS.  Fuel  and  Its  Applications.  By  E.  J.  Mills,  d.sc,  f.r.s.,  and  E.  J. 
Rowan,  c.e.  (See  Groves  and  Thorp  Technology.)  8vo.  Clo.,  $7.50 ;  Half  Mor.  $9.00 

MONEY.  On  Children.  Treatment  of  Disease  in  Children,  including  the  Outlines 
of  Diagnosis  and  the  Chief  Pathological  Differences  between  Children  and 
Adults.  By  Angel  Money,  m.d.,  m.r.c.p.,  Ass't  Physician  to  the  Hospital  for 
Sick  Children,  Great  Ormond  St.,  and  to  the  Victoria' Park  Chest  Hospital,  Lon- 
don.    2d  Ed.     Practical  Series.     See  Page  ig.     i2mo.     560  pages.     Cloth,  $3.00 

MORRIS.  Compend  of  Gynaecology.  By  Henry  Morris,  m.d..  Demonstrator  of 
Obstetrics,  Jefferson  Medical  College,  Phila.,  etc.  With  Forty-five  illustrations. 
Being  f  (Juiz- Compend  f  lYo.  7.  Cloth,  gi.oo  ;  Interleaved  for  Notes,  $1.25 

MOTJLLIN.  Surgery.  A  Complete  Text-book.  By  C.  W.  Mansell  Moullin. 
M.A.,  m.d.  oxon.,  F.R.C.S.,  Surgeon  and  Lecturer  on  Physiology  to  the  London 
Hospital ;  formerly  Radcliffe  Travelling  Fellow  and  Fellow  of  Pembroke  Col- 
lege, Oxford.  With  colored  Frontispiece.  497  Illustrations,  200  of  which  are 
original,  and  many  of  which  are  printed  in.  Colors.  By  Subscription  only.  Royal 
Octavo.  1 190  pages.  Handsomely  Bound  in  Cloth,  A>/,  S7.00 ;  Leather,  AV/,  $8.00 
Half  Russia  Crushed,  Marbled  edges  and  linings,  A^et,  9.00 

MTJRRELL.  Massotherapeutics.  ::^assage  as  a  Mode  of  Treatment.  By  Wm. 
MuRRELL,  M.D.,  F.R.C.P.,  Lecturer  on  Pharmacology  and  Therapeutics  at  West- 
minster Hospital.  5th  Edition.  Revised.  i2mo.  Cloth,  $1.50 
Chronic  Bronchitis  and  its  Treatment.  {Authorized  Edition.)  A  Clinical 
Study.     i2mo.     176  pages.  Cloth,  $1.50 

MTJSKETT.  Prescribing  and  Treatment  in  the  Diseases  of  Infants  and  Child- 
ren. By  Philip  E.  Muskett,  Late  Surgeon  to  the  Sydnev  Hospital,  Formerly 
Senior  Resident  Medical  Officer,  Sydney  Hospital.     32mo.'  Cloth,  $1.75 
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MOETON  on  Refraction  of  the  Eye.  Its  Diagnosis  and  the  Correction  of  its  Errors. 
With  Chapter  on  Keratoscopy,  and  Test  Types.  By  A.  Morton,  m.b.  Fourth 
Edition,  Revised  and  Enlarged.  Cloth,  $i.oo 

JffiJTER.  Practical  and  Analytical  Chemistry.  By  John  Muter,  f.r.s.,  f.c.s., 
etc.  Fourth  Edition.  Revised,  to  meet  the  requirements  of  American  Medical 
Colleges,  by  Claude  C.  Hamilton,  m.d..  Professor  of  Analytical  Chemistry 
in  University  Med.  Col.  and  Kansas  City  Col.  of  Pharmacy.     5 1  Illus.    Cloth,  $2.00 

NAPHEYS'  Modern  Therapeutics.  New  Revised  Edition,  Enlarged  and  Im- 
proved. In  Two  Handsome  Volumes.  Edited  by  Allen  J.  Smith,  m.d.,  Ass't 
Demonstrator  of  Morbid  Anatomy  and  Pathological  Histology,  Lecturer  on 
Urinology,  University  of  Pennsylvania  ;  Physician  in  the  Dispensary  for  Diseases 
of  Children,  University  Hospital,  etc. ;  and  J.  Aubrey  Davis,  m.d..  Assistant 
Demonstrator  of  Obstetrics,  University  of  Pennsylvania. 
Vol.  I.— Medical  Therapeutics.    Therapeutics  of  Diseases  of  Children. 

Cloth,  $5.00;  Leather,  $6.00 

Vol.  II.— Surgical  Therapeutics.  Therapeutics  of  Gynaecology  and 
Obstetrics.  Nearly  Ready. 

IfEW  SYDENHAM  SOCIETY  Publications.  Three  to  Six  Volumes  published 
each  year,     List  of  Vohcmes  upon  applicatio7i.  Per  annum,  $8.00 

OBERSTEINEK.  The  Anatomy  of  the  Central  Nervous  Organs.  A  Guide  to  the 
study  of  their  structure  in  Health  and  Disease.  By  Professor  H.  Obersteiner, 
of  the  University  of  Vienna.  Translated  and  Edited  by  Alex.  Hill,  m.a.,  m.d.. 
Master  of  Downing  College,  Cambridge.     198  Illustrations.     8vo.       Cloth,  $6.00 

OPHTHALMIC  REVIEW.  A  Monthly  Record  of  Ophthalmic  Science.  Published 
in  London.     Satnple  Numbers,  2^  cents.  Per  annum,  $3.00 

ORMEROD.  Diseases  of  Nervous  System,  Student's  Guide  to.  By  J.  A.  Ormerod, 
M.D.,  Oxon.,  F.R.c.p.  (Lond.),  Mem.  Path.,  Clin.,  Ophth.,  and  Neurol.  Societies, 
Physician  to  National  Hospital  for  Paralyzed  and  Epileptic  and  to  City  of  London 
Hospital  for  Diseases  of  the  Chest,  Dem.  of  Morbid  Anatomy,  St.  Bartholo- 
mew's Hospital,  etc.     With  75  wood  engravings.     i2mo.  Cloth,  $2.00 

OSGOOD.     The  Winter  and  Its  Dangers.     By  Hamilton  Osgood,  m.d.  Cloth,  .50 

OSLER.  Cerebral  Palsies  of  Children.  A  Clinical  Study.  By  William  Osler, 
m.d.,  F.R.c.p.,  London,  etc.     8vo.  Cloth,  §2.co 

OSTROM.  Massage  and  the  Original  Swedish  Movements.  Their  Application 
to  Various  Diseases  of  the  Body.  A  Manual  for  Students,  Nurses  and  Physicians. 
By  KURRE  W.  Ostrom,  from  the  Royal  University  of  Upsala,  Sweden  ;  Instructor 
in  Massage  and  Swedish  Movements  in  the  Hospital  of  the  University  ot 
Pennsylvania,  and  in  the  Philadelphia  Polyclinic  and  College  for  Graduates  in 
Medicine,  etc.  Second  Edition.  Enlarged.  Illustrated  by  87  Wood  Engrav- 
ings, many  of  which  were  drawn  especially  for  this  purpose.    i2mo.     Cloth,  $1  00 

•OVERMAN'S  Practical  Mineralogy,  Assaying  and  Mining,  with  a  Description  of 
the  Useful  Minerals,  etc.  By  Frederick  Overman,  Mining  Engineer.  Elev- 
enth Edition.     i2mo.  Cloth,  $1.00 

PACKARD'S  Sea  Air  and  Sea  Bathing.    By  John  H.  Packard,  m.d.      Cloth,  .50 

PAGE.     Railroad  Injuries.     With  Special  Reference  to  those  of  the   Back  and 

Nervous  System.     By  Herbert  Page,  f.r.c.s..  Surgeon  to  St.  Mary's  Hospital, 

and  Lecturer  on  Surgery  at  its  Medical  School.     Octavo.  Cloth,  $2.25 

Injuries  of  the  Spine  and  Spinal  Cord.     In  their  Surgical  and  iMedico-Legal 

Aspects.     Third  Edition.     Revised.     Octavo.  Preparitig. 

PARKES'  Practical  Hygiene.  By  Edward  A.  Parkes,  m.d.  The  Eighth  Re- 
vised and  Enlarged  Edition.  Edited  by  J.  Lane  Notter,  m.a.,  m.d.,- f.c.s., 
Professor  of  Hygiene,  Army  Medical  School,  Netley,  England.  With  10  Litho- 
graphic Plates,  and  over  100  other  Illustrations.     Svo.  Cloth,  $5.00 

"PARKES.  Hygiene  and  Public  Health.  A  Practical  Manual.  By  Louis  C. 
Parkes,  m.d.,  d.p.h.  London  Hospital;  Assistant  Professor  of  Hygiene  and 
Public  Health  at  University  College,  etc.  i2mo.  Third  Edition,  Enlarged  and 
Revised.  Cloth, 

PARRISH'S  Alcoholic  Inebriety.  From  a  Medical  Standpoint,  with  Illustrative 
Cases  from  the  Clinical  Records  of  the  Author.  By  Joseph  Parrish,  m.d., 
President  of  the  Amer.  Assoc,  for  Cure  of  Inebriates.      Paper,  .75  ;  Cloth,  $1.25 
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PHILLIPS.  Spectacles  and  Eyeglasses,  Their  Prescription  and  Adjustment.  By 
R.  J.  Phillips,  m.d.,  Instructor  on  Diseases  of  the  Eye,  Philadelphia  Polyclinic, 
Ophthalmic  Surgeon,  Presbyterian  Hospital.   47  Illustrations.    i2mo.   Cloth,  gil.oo 

PAEVIN'S  "Winckel's  Diseases  of  Women.     (See  Winckel,  page  25.) 

PARVIN.  Lectures  on  Obstetric  Nursing.  Delivered  at  the  Training  School  for 
Nurses  of  the  Philadelphia  Hospital.  By  Theophilus  Parvin,  m.d.,  Professor 
of  Obstetrics  and  Diseases  of  Women  and  Children  at  Jefterson  Medical  College ; 
Obstetrician  to  Philadelphia  Hospital.     i2mo.  Cloth,  .75 

PENNSYLVANIA  Hospital  Reports.  Edited  by  a  Committee  of  the  Hospital 
Staff:  J.  M.  DaCosta,  m.d.,  and  William  Hunt.  Containing  Original  Articles 
by  the  Staff.     With  many  other  Illustrations.  Paper,  .75  ;  Cloth,  $1.25 

PHYSICIAN'S   VISITING   LIST.     Published  Annually.     Forty-First  Year  of  its 

Publication. 

REGULAR  EDITION". 
For  25  Patients  weekly.  Tucks,  pocket  and  pencil.  Gilt  Edges,    .        .        Ji.oo 

50         "  "  "  "  "         "         "         .         .  1.25 

75        "  "  "  "  "        "        "         .        .  1.50 

100        "  "  "  "  '«        «■        <<         ^  2.00 

5"  ■•    ■■"°>-  isrySSTcl     •  •    -50 

-         •■  "-°'=-      \^f2yV^lt\  •         •  3.00 

INTERLEAVED  EDITION". 

For  25  Patients  weekly,  interleaved,  tucks,  pocket,  etc.,      «<         ««          .         ,  1,25 

50         "             "                 "                 "            "         "         '«         ««         ^        ^  150 

r^         "             •<  -,    ^1^     f  Jan.  to  Tune  ]      ,,        ,,         ,,         .<  ^  r^ 

5°                          -^°1^-    I  July  to  Dec.  I                                             •         "  3-Oo 

Perpetual  Edition,  without  Dates  and  with  Special   Memorandum  Pages. 

For  25  Patients,  interleaved,  tucks,  pocket  and  pencil,           ....  )?l.25 

50         "                 "                "            «           ..          ..              ....  1.50 

Monthly  Edition,  without  Dates.    Can  be  commenced  at  any  time  and  used 
until  full.    Requires  only  one  writing  of  patient's  name  for  the  whole  month. 

Plain  binding,  without  Flap  or  Pencil,  .75 
Leather  cover.  Pocket  and  Pencil,  $1.00 

EXTRA  Pencils  will  be  sent,  postpaid,  for  25  cents  per  half  dozen. 


?*■  This  List  combines  the  several  essential  qualities  of  strength,  compactness, 
durability  and  convenience.  It  is  made  in  all  sizes  and  styles  to  meet  the  wants  of  all 
physicians.  It  is  not  an  elaborate,  complicated  system  of  keeping  accounts,  but  a 
plain,  simple  record,  that  may  be  kept  with  the  least  expenditure  of  time  and  trouble — 
hence  its  popularity.  A  special  circular,  descriptive  of  contents  and  improvements, 
will  be  sent  upon  application. 

PEREIRA'S  Prescription  Book.  Containing  Lists  of  Terms,  Phrases,  Contrac- 
tions and  Abbreviations  used  in  Prescriptions,  Explanatory  Notes,  Grammatical 
Construction  of  Prescriptions,  Rules  for  the  Pronunciation  of  Pharmaceutical 
Terms.  By  Jonathan  Pereira,  m.d.  Sixteenth -Edition.  Cloth,  $1.00;  Tucks  $1.25 

PORTER'S  Surgeon's  Pocket-Book.  By  Surgeon-Major  J.  H.  Porter,  late  Pro- 
fessor of  Military  Surgery  in  the  Army  Medical  School,  Netley,  England.  Revised, 
and  partly  Rewritten.     Third  Edition.     Small  i2mo.  Leather  Covers,  ^2.25. 

POTTER.  A  Handbook  of  Materia  Medica,  Pharmacy  and  Therapeutics,  in- 
cluding the  Action  of  Medicines,  Special  Therapeutics,  Pharmacology,  etc.  In- 
cluding over  600  Prescriptions  and  Formulae.  By  Samuel  O.  L.  Potter,  m.a., 
m.d.,  m.r.c.p.  (Lond.),  Professor  of  the  Practice  of  Medicine,  Cooper  Medical  Col- 
lege, San  Francisco ;  late  A.  A.  Surgeon  U.  S.  Army.  Third  Edition,  Revised  and 
Enlarged.    8vo.     With  Thumb  Index  in  each  copy.     Cloth,  $4.00 ;  Leather,  ^^S.OO' 
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THREE  NEW  VOLUMES. 


FAREES.  Hygiene  and  Public  Health.  A  Practical  Manual.  By  Louis  C. 
Parkes,  M.D.,  D.P.H.,  London  Hospital;  Fellow  of  the  Sanitary  Institute; 
Assistant  Professor  of  Hygiene  and  Public  Health  at  University  College,  etc. 
i2mo.     Third  Edition,  Enlarged  and  Revised.  In  Press. 

LEWERS.  On  the  Diseases  of  Women.  A  Practical  Treatise.  By  Dr.  A.  H. 
N.  Lewers,  Assistant  Obstetric  Physician  to  the  London  Hospital ;  and  Phy- 
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COLLIE  On  Fevers.  A  Practical  Treat- 
ise on  Fevers,  Their  History,  Etiology. 
Diagnosis,  Prognosis  and  Treatment. 
By  Alexander  Collie,  m.d.,  m.r. 
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ANNOUNCEMENT. 
The  frequent  demands  for  a  new  and  thoroughly  revised  edition  of 
popular  work  have  induced  the  present  publishers  to  have  one  pre- 
i  in  the  most  complete  manner,  representing  the  latest  achievements 
erapeutical  science  as  set  forth  by  the  most  distinguished  teachers 
)ractitioners.  The  same  general  plan  and  strictly  practical  aims  have 
observed  as  in  former  editions.  The  precise  formulae,  specific  direc- 
,  and  methods  of  treatment  recommended  by  the  most  eminent 
rican  and  foreign  practitioners  are  given;  and  the  full  resources  of 
nateria  medica  are  grouped  under  the  various  diseases  to  which 
are  applicable.  Particular  attention  has  been  paid  to  describing 
lodes  of  employment  and  relative  value  of  new  remedies,  including 
itest  additions  to  therapeutical  agents. 

By  a  careful  arrangement,  all  the  diseases  which  the  physician  is 
J  to  meet  are  presented  systematically  and  discussed  separately, 
ding  those  of  women  and  children  as  well  as  strictly  medical  and 
cal  complaints.  It  has  been  the  aim  of  the  editors  to  set  forth  the 
ment  of  able  specialists  in  all  these  departments,  so  that  the  general 
;itioner  may  have  at  his  command  the  therapeutic  resources  of  those 
devote  their  whole  attention  to  limited  fields  of  disease. 
With  this  end  in  view,  numerous  monographs,  journals,  and  special 
rs,  both  in  this  country  and  Europe,  have  been  consulted  and  their 
:  useful  therapeutic  suggestions  extracted.  No  other  work  on  the 
iqX  will  be  found  so  thoroughly  and  constantly  useful  to  the  practic- 
)hysician,  because  no  other  supplies  so  directly  and  with  such  ease 
iference  the  information  he  desires. 

The  whole  work  has  been  rearranged,  the  better  part  rewritten, 
every  page  will  show  improvements  or  additions.     A  large  number 
ew  and  representative  prescriptions  have  been  added  to  the  text. 
It  has  been  thought  desirable  to  include  Diseases  of  Women  and 
iren  in  the  two  volumes  instead  of  publishing  separately,  as  before. 


THERAPEUTICS  AND  MATERIA  MEDICA, 

Potter's  Materia  Medica,  Pharmacy  and  Therapeu 
Third  Edition.      Revised  and  Enlarged.  i^ 

A  HANDBOOK  OF  MATERIA  MEDICA,  PHARMACY  AND  THERAPEUTICS including  th( 

siological  Action  of  Drugs,  Special  Therapeutics  of  Diseases,  Official  and  Ext( 

raneous   Pharmacy,  etc.      By  Sam'l   O.  L.  Potter,  m.a.,  m.d.,  Professor   c 

Practice  of  Medicine  in  Cooper  Medical  College,  San  Francisco  ;  Late  A.  A 

geon,  U.  S.  Army;  Author  of  "Speech  and  its  Defects,"  and  the  "  Quiz-Comp€ 

of  Anatomy  and  Materia  Medica,  etc.     Revised,  Enlarged  and  Improved,     d 

With  Thumb  Index.  Leather, 

"  The  author  has  aimed  to  embrace  in  a  single  volume  the  essentials  of  practical  materia  medi 
therapeutics,  and  has  produced  a  book  small  enough  for  easy  can-iage  and  easy  reference,  large  enc 
contain  a  carefully  digested,  but  full,  clear  and  wU-arranged  mass  of  information.  He  has  not  adh 
any  pharmacopoeia,  as  is  the  case  of  certain  recent  manuals,  thereby  limiting  his  work,  and  in  this  day 
remedies  causing  constant  disappointment,  but  has  brought  it  up  to  date  in  the  most  satisfactory  wa 
new  remedy  of  any  acknowledged  value  is  omitted  from  this  list.  Under  each  the  section  on  physi( 
action  and  therapeutics  has  been  written  with  care.  ...  In  the  enumeration  of  drags  suited  to  d 
disorders  a  very  successful  effort  at  discrimination  has  been  made,  both  in  the  stage  of  disease  and  in  th 
peculiarly  suited  to  the  remedy.  It  is  no  mere  list  of  diseases  followed  by  a  catalogue  of  drugs,  but  is  i 
of  modem  therapeutics,  and  as  such  will  prove  of  immense  use  to  its  possessor." — The  Therapeutic  Go 

A  Unique  Book. — The  plan  of  this  work  is  nev^^  and  original  with  Dr.  Potter,  a 
contents  have  been  combined  and  arranged  in  such  a  way  that  it  offers  a  compact  stati 
of  the  subjects  in  hand,  containing  more  correct  information  in  a  practical,  concise 
than  any  other  publication  of  the  kind. 

The  work  commences  with  a  section  on  the  classification  of  medicines,  as  folio 

Agents  acting  on  the  Nervous  System,  Organs  of  Sense,  Respiration,  Circul 
Digestive  System,  on  Metabolism  (including  Restoratives,  Alteratives,  Astringents, 
pyretics,  Antiphlogistics  and  Antiperiodics,  etc.)  Agents  acting  upon  Excretioi 
Generative  System,  the  Cutaneous  Surfaces,  Microbes  and  Ferments,  and  upon  each 

Part  I. — Materia    Medica   and    Therapeutics    (351    pages),    the   drugs 
arranged  in  alphabetical  order,  with  the  synonym  of  each  first ;  then  the  descripti 
the  plant,  its  preparations,  physiological  action,  and  lastly  its  Therapeutics. 

Part  II. — Pharmacy  and  Prescription  Writing  (56  pages).  This  is  writt( 
the  use  of  physicians  who  desire  or  of  necessity  must  put  up  their  own  prescriptions 
includes — Weights  and  Measures,  English  and  the  Metric  Systems ;  Specific  Gravit 
Volume;  Prescriptions,  their  principles  and  combinations;  proper  methods  of  w 
them ;  Abbreviations ;  Stock  solutions  and  preparations,  and  Incompatibility,  etc. 

Part  III. — Special  Therapeutics  (211  pages)  is  an  alphabetical  List  of  Dise; 
a  real  Index  of  Diseases — giving  the  drugs  that  have  been  found  serviceable  in 
disease,  and  the  authority  recommending  the  use  of  each,  a  very  impi 
feature,  as  it  gives  an  authoritative  character  to  the  book  that  is  unusual  in  wor 
Therapeutics,  and  displays  an  immense  amount  of  research  on  the  part  of  the  ai 
600  Prescriptions  are  given  in  this  part,  many  being  over  the  names  of  eminent  i 

The  Appendix  (36  pages)  contains  lists  of  Latin  words,  phrases  and  abbrevia 
with  their  English  equivalents.  Genitive  Case  Endings,  etc.  36  formulae  for  Hypod 
Injections;  10  of  Chlorodyne;  Formulae  of  prominent  patent  medicines;  Poison 
their  Antidotes;  Differential  Diagnosis;  Temperature  Notes;  Obstetrical  Memor; 
Clinical  Examination  of  Urine;  Table  of  Specific  Gravities  and  Volumes;  Table  shi 
the  number  of  drops  in  a  fluidrachm  of  various  liquids,  the  weight  of  one  fluidracl 
grains,  and  a  table  for  converting  apothecaries'  weights  and  measures  into  grams,  etc 

The  Index  covers  thirty-five  pages,  and  will  be  found  very  elaborate. 

The  whole  work  is  a  statement  of  known  facts  in  terse  language;  it  is,  in  fac 
essentials  of  Practical  Materia  Medica  and  Therapeutics.  Although  it  is  to  a  great  ex 
compilation,  as  any  such  book  must  be,  from  the  works  of  prominent  writers  and  tea 
yet  it  will  be  found  to  contain  much  original  matter  and  many  useful  suggestion 
included  in  any  other  book. 
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)erts'  Practice  of  Medicine.      Eighth  Edition.     Re- 
vised, Enlarged  and  Illustrated.  1890. 

HANDBOOK   OF    THE    THEORY    AND    PRACTICE    OF    MEDICINE.       By    FREDERICK   T. 

LoBERTS,  M.D.,  B.sc,  F.R  C.P.,  Profcssor  of  Materia  Medica  and  Therapeutics,  and 
f  Clinical  Medicine,  at  University  College  Hospital,  London;  Physician  to  Bromp- 
3n  Hospital  for  Consumption  and  Diseases  of  the  Chest,  etc.  Eighth  Edition. 
Levised  and  Enlarged.     51  Illustrations.      1059  pages.     Octavo. 

Handsome  Cloth,  $5.50;  Full  Sheep,  Raised  Bands,  ^6.50 
rhe  various  subjects  have  been  treated  in  a  complete  and  masterly  manner.  .  .  .  We  heartily 
nd  this  handbook,  not  only  to  gentlemen  preparing  for  the  medical  profession,  but  to  those  who  may 
lished  their  professional  education;  as  this  work  comains,  in  a  brief  and  concise  shape,  all  that  the 
neral  practitioner  needs  to  know  to  enable  him  to  cany  on  his  practice  with  comfort  to  himself  and 
vantage  to  his  patients." — British  Medical  Journal. 

t  is  unsurpassed  by  any  work  that  has  fallen  into  our  hands  as  a  compendium  for  students." —  The  Clinic. 
Ve  particularly  recommend  it  to  students  about  to  enter  upon  the  practice  of  their  profession." — St. 
Medical  and  Surreal  Journal. 

f  there  is  a  book  in  the  whole  of  medical  literature  in  which  so  much  is  said  in  so  few  words,  it  has 
ome  within  our  reach." — Chicago  Medical  Journal. 

rhe  regularity  with  which  fresh  editions  of  this  admirable  text-book  make  their  appearance,  serves  to 
lat  it  continues  to  maintain  its  favored  position  with  the  student,  who  finds  it  a  safe  and  reliable  guide, 
rem  the  clearness  of  style  and  its  thoroughly  practical  character,  a  great  feature  of  Dr.  Roberts'  work 
jTstematic  method  with  which  each  subject  is  treated.  The  value  of  this^kind  of  instruction  is  high,  as 
les  the  student  to  marshal  his  ideas  in  an  orderly  manner,  and  to  assign  to  each  part  its  special 
nee.  The  author  has  not  been  unmindful  of  the  necessity  of  keeping  his  book  '  up  to  date,'  and  he 
iently  bestowed  much  pains  on  its  revision.  It  is  enough  to  say  that  it  fully  merits  its  popularity." — 
tncet,  London,  February  7th,  189I. 

rhe  arrangement  of  the  subject  is  admirable,  each  disease  is  very  fully  considered  in  elegant  phraseology 
any  undue  verbosity,  and  the  matter  is  presented  in  a  manner  which  is  easily  grasped  and  retained  in 
nory.  It  is  quite  unnecessarj-  to  refer  further  to  the  pages  of  this  valuable  and  reliable  te.\t-book.  It 
found  a  trustworthy  guide  both  by  students  and  practitioners,  and  the  latter  will  find  much  more  infor- 
as  to  treatment,  than  is  usually  recorded  in  such  works." — Liverpool Medico-Chir.  Journal,  Jan.,  1891. 

ghes'  Compend  of  the  Practice  of  Medicine.     4th 
Enlarged  Edition.  1890. 

COMPEND    OF    THE    PR.\CTICE    OF    MEDICINE.        By   DaNIEL   E.    HuGHES,    M.D.,    late 

lemonstrator  of  Clinical  Medicine  at  Jefferson  Medical  College,  Philadelphia;  now 
hysician-in-Chief,  Philadelphia  Hospital      In  two  parts. 

ART  I. — Continued,  Eruptive  and  Periodical  Fevers,  Diseases  of  the  Stomach,  Intes- 
Peritoneum,  Biliary  Passages,  Liver,  Kidneys,  etc.,  and  General  Diseases,  etc. 
ART  II. — Diseases   of  the  Respiratory  System,  Circulatory   System   and   Ner\^ous 
1;  Diseases  of  the  Blood,  etc.       Price  of  each  Part,  strongly  bound  in  cloth,  $i.oo 

Interleaved  for  the  addition  of  notes,  1.25 
^*  These  books  are  a  complete  set  of  notes  upon  the  practice  of  medicine.  The 
yms,  definition,  causes,  s}-mptoms,  pathology,  prognosis,  diagnosis,  treatment,  etc., 
h  disease  being  given.  The  treatment  is  especially  full  and  a  number  of  valuable 
iptions  have  been  incorporated.  Reference  has  been  made  to  the  latest  writings 
cachings  of  Drs.  Flint,  Roberts,  Loomis,  Bartholow,  DaCosta,  etc.  Dr.  Hughes' 
experience  as  demonstrator  of  clinical  medicine  under  the  last  named  famous  pro- 
gave  him  unrivaled  opportunities  for  the  preparation  of  a  book  of  this  character. 

'hysicians'   Edition.     Fourth  Edition.     Same  as  above,  but  in  one  volume, 
and  including  a  section  on  Skin  Diseases  and  a  very  complete  index. 

^  Full  Morocco,  Gilt  Edges,  ;^2.5o 
lie  best  condensation  of  the  essentials  of  Practice  I  have  yet  seen.  ...  It  will  be  an  admirable 
Dook  for  students  after  a  solid  course  of  study,  and  it  will  be  scarcely  less  useful  to  the  busy  practi- 
s  a  ready  means  of  refi-eshing  his  memory." — C.  A.  Lindsley,  M.D.,  Professor  of  Theory  and  Prac- 
Medicine,  Yale  College,  New  Haven. 


NEW  AND  REVISED  EDITIONS. 

?QUIZ-COMPENDS.P 

A  SERIES  OF  PRACTICAL  MANUALS  FOR  THE  PHYSICIAN  AND  STUD 

Compiled  in  accordance  with  the  latest  teachings  of  prominent  lecturers 
and  the  most  popular  Text-books. 

Bound  in  Cloth,  each  $i.oo.     Interleaved,  for  the  Addition  of  Notes,  $1.25. 

They  form  a  most  complete,  practical  and  exhaustive  set  of  manuals,  containing  information  nowhe 
collected  in  such  a  practical  shape.  Thoroughly  up  to  the  times  in  every  respect,  containing  many  ne 
scriptions  and  formulse,  and  over  300  illustrations,  many  of  which  have  been  drawn  and  engraved  specij 
this  series.  The  authors  have  had  large  experience  as  quiz-masters  and  attaches  of  colleges,  with  exce 
opportunities  for  noting  the  most  recent  advances  and  methods.  The  arrangement  of  the  subjects,  illusti 
types,  etc.,  are  all  of  the  most  approved  form.  They  are  constantly  being  revised,  so  as  to  include  th( 
and  best  teachings,  and  can  be  used  by  .students  of  any  college  of  medicine,  dentistry  and  pharmacy. 

No.   I.     Human  Anatomy.     Fifth  Edition  (1891),  including  Visceral  Anatomy,  formerly 
lished   separately.      16  Lithograph  Plates,  Tables,  and  117  Illustrations.     By  Samuel 
Potter,  m.a.,  m.d.,  late  A.  A.  Surgeon,  U.  S.  Army.     Professor  of  Practice,  Cooper  Med.  C 
San  Francisco. 
Nos.  2  and  3.     Practice  of  Medicine.     Fourth  Edition,  Enlarged  (1890).     By  Daniel  E.  Hi 
M.D.,  late  Demonstrator  of  Clinical  Medicine  in  Jefferson  Med.  College,  Phala. ;  Physician-in  Chief, 
delphia  Hospital.     In  two  parts. 
Part  I. — Continued,  Eruptive  and  Periodical  Fevers,  Diseases  of  the  Stomach,  Intestines,  Peritoneum,  Biliary  P; 
Liver,  Kidneys,  etc.  (including  Tests  for  Urine),  General  Diseases,  etc. 

Part  II.— Diseases  of  the  Respiratory  System  (including  Physical  Diagnosis),  Circulatory  System  and  Nervous  S 
Diseases  of  the  Blood,  etc. 

***  These  little  books  can  be  regarded  as  a  full  set  of  notes  upon  the  Practice  of  Medicine,  containing  the  Syi 
Definitions,  Causes,  Symptoms,  Prognosis,  Diagnosis,  Treatment,  etc.,  of  each  disease,  and  including  a  nvunber  of  p 
tions  hitherto  unpublished. 

No.  4.  Physiology,  including  Embryology.  Sixth  Edition  (1891).  By  Albert  P.  Brubakee 
Prof,  of  Physiology,  Penn'a  College  of  Dental  Surgery ;  Demonstrator  of  Physiology  in  Jeffersor 
College,  Phila.     Revised,  Enlarged  and  Illustrated.  In 

No.  5.  Obstetrics.  Illustrated.  Fourth  Edition  (1889).  For  Physicians  and  Students.  By  I 
G.  Lanuis,  M.D.,  Prof,  of  Obstetrics  and  Diseases  of  Women,  in  Starling  Medical  College,  Col- 
Revised  Edition.     New  Illustrations. 

No.  6.  Materia  Medica,  Therapeutics  and  Prescription  Writing.  Fifth  Revised  Edition  ( 
With  especial  Reference  to  the  Physiological  Action  of  Drugs,  and  a  complete  article  on  Presc 
Writing.  Based  on  the  Last  Revision  (Sixth)  of  the  U.  S.  Pharmacopoeia,  and  including  many  uno 
remedies.  By  Samuel  O.  L.  Potter,  m.a.,  m.d.,  late  A.  A.  Surg.  U.  S.  Army;  Prof,  of  P: 
Cooper  Med.  College,  San  Francisco.     5th  Edition.     Improved  and  Enlarged. 

No.  7.  Gynaecology.  (1891.)  A  Compend  of  Diseases  of  Women.  By  Henry  Morris,  M.D.,  I 
strator  of  Obstetrics,  Jefferson  Medical  College,  Philadelphia.     Many  Illustrations. 

No.  8.  Diseases  of  the  Eye  and  Refraction.  Second  Edition  (1888).  Including  Treatme 
Surgery.  By  L.  Webster  Fox,  m.d..  Chief  Clinical  Assistant  Opthalmological  Dept.,  Jefferson  R 
College,  etc.,  and  Geo.  M.  Gould,  m  d.     71  Illustrations,  39  Formulse. 

No.  9.  Surgery,  Minor  Surgery  and  Bandaging.  Illustrated.  Fourth  Edition  (1890).  Inc 
Fractures,  Wounds,  Dislocations,  Sprains,  Amputations  and  other  operations ;  Inflammation,  Suppi 
Ulcers,  Syphilis,  Tumors,  Shock,  etc.  Diseases  of  the  Spine,  Ear,  Bladder,  Testicles,  Anus,  anc 
Surgical  Diseases.  By  Orville  Horwitz,  a.m.,  m.d..  Demonstrator  of  Stirgery,  Jefferson  J» 
College.     84  Formulse  and  136  Illustrations. 

No.  10.  Medical  Chemistry.  Third  Edition  (1890).  Inorganic  and  Organic,  including  Urine  A: 
For  Medical  and  Dental  Students.  By  Henry  Leffmann,  m.d..  Prof,  of  Chemistry  in  Penn'a  ( 
of  Dental  Surgery,  Phila.     Third  Edition.     Revised  and  Enlarged. 

No.  II.  Pharmacy.  Third  Edition  (1890).  Based  upon  "  Remington's  Text-Book  of  Pharmacy 
F.  E.  Stewart,  m.d.,  ph.g..  Professor  of  Pharmacy,  Powers  College  of  Pharmacy;  late  Quiz-Mi 
Philadelphia  College  of  Pharmacy.     Third  Edition.     Revised. 

No.  12.  Veterinary  Anatomy  and  Physiology.  Illustrated.  (1890.)  By  Wm.  R.  Ballou,  M.E 
of  Equine  Anatomy,  New  York  College  of  Veterinary  Surgeons,  etc.     29  Illustrations. 

No,  13.  Dental  Pathology  and  Dental  Medicine.  (1890.)  Containing  all  the  most  noteworthy 
of  interest  to  the  Dental  Student.  By  Geo.  W.  Warren,  d.d.s..  Clinical  Chief,  Penn'a  Coll 
Dental  Surgery,  Philadelphia.     Illus. 

No.  14.  Diseases  of  Children.  (1890.)  By  Marcus  P.  Hatfield,  Professor  of  Diseases  of  Q 
Chicago  Medical  College.     With  Colored  Plate. 

T^ese  books  are  constantly  revised  to  keep  up  with  the  latest  teachings  and  discoveries. 


From  The  Southern  Clinic — "  We  know  of  no  series  of  books  issued  by  any  house  i 
fully  meets  our  approval  as  these  ?  Quiz-  Compends  ?  They  are  well  arranged,  full  and  ci 
and  are  really  the  best  line  of  text-books  that  could  be  found  for  either  student  or  ^ractttion 


ter.      A   Compend    of  Anatomy.       Fifth   Edition. 
1 6  Lithograph  Plates.      117  other  Illus.         1891. 

.-CLUDIXG  THE  VISCERA.     (^Based  on  Gray.)     By  Saml.  O.  L.  Potter,  m.a.,  m.d., 

te  A.  A.  Surg.  U.  S.  Army ;  Professor  of  the  Practice  of  Medicine,  Cooper  Medical 

ollege,  San  Francisco.      Revised   and  Enlarged.     i2mo.      Being  No.  i  ?  Quiz- 

^ompend  ?  Series.     See  page  2g.  Strongly  bound  in  cloth,  $i.oo 

Interleaved,  for  the  addition  of  notes,    1.25 

^  An  Appendix  has  been  added  to  this  edition,  containing  16  Lithographic  Plates  of  the  Artenal  and 
>  Systems,  with  explanatory  tables  that  will  be  found  exceedingly  useful  and  practical.  We  would 
icial  attention  to  these  tables,  as  being  entirely  original  in  design  and  arrangement,  giving  graphic 
f  the  most  difficult  part  of  Human  Anatomy,  and  including  anastomoses  (the  arteries)  and  distri- 
the  arteries  and  nerves) ;  a  thing  never  before  shown  completely  in  tabular  form.  The  different  types 
rranged  as  to  grade  the  branches  according  to  relative  importance,  and  by  the  systematic  and  ingenious 
rackets  with  various  types,  the  tables  are  veritable  pictures  themselves  of  their  objects. 
.  Potter's  power  of  condensation  and  arrangement,  have  never  been  displayed  to  such  advantage  as  in 
bles,  which  must  take  their  proper  place  as  the  best  of  all  attempts  of  the  kind,  even  in  the  restricted 
"  pages  the  size  of  which  was  pre\nously  determined,  and  to  which  the  tables  had  to  conform, 
e  plates  are  equally  original,  having  been  made  from  new  drawings  by  Dr.  Potter's  own  hand ;  they 
)hic  delineations,  and  being  diagrammatic,  do  not  represent  the  exact  fonns  or  proportions  of  the  parts 
3wn.  If  colored  by  hand,  by  the  student,  as  may  be  done  with  verv'  little  trouble,  their  value  will  be 
increased. 

n  the  particular  line  to  which  it  belongs,  and  as  one  of  the  pioneers,  this  work  of  the  indefatigable  Dr. 
itands  in  the  list  of  the  ver\'  best.  This  is  particularly  conspicuous  in  view  of  the  many  failures  to 
:he  subject  of  anatomy  attractive  when  presented  in  compends." — American  Practitioner  and  Neivs, 
,  1891. 

Tiis  is  ?  Quiz-Compend  No.  i,  based  on  Gray  principally,  and  is  a  book  that  to  a  student  is  almost  a 
y,  and  to  the  practicing  physician  a  great  aid  as  a  ready  reference  work,  enabling  him,  at  almost  a 
to  keep  in  mind  a  great  many  valuable  points  in  anatomy  that  otherwise  he  would  forget." — The  Cin- 
Medical  Journal,  February  ijt/i,  i8gi. 

)f  all  the  studies  in  a  medical  course,  anatomv  is  the  most  important.  To  wade  through  a  '  Gray,'  for 
is  very  irksome,  and  by  having  an  Anatomy  in  an  epitomized  form  and  thoroughly  reliable,  both  time 
lor  will  be  saved.  Dr.  Potter  has  thus  conferred  a  boon  on  both  the  student  and  practitioner  alike,  by 
ing  his  Compend  of  Anatomy.  The  tables  and  plates  of  the  nerves  and  arteries  are  excellent ;  these 
te  the  Appendix,  and  by  their  aid  one  can  re\-iew  this  important  part  of  the  work  in  a  short  space  of 
-Canada  Lancet,  Toronto,  February,  i8gi. 

)inson.      The    Latin    Grammar   of  Pharmacy    anu 
Medicine.  1890. 

y  H.  D.  Robinson,  ph.d.,  Professor  of  Latin  Language  and  Literature,  University 

f  Kansas,  Lawrence.     With  an  Introduction  by  L.  E.  Sayre,  ph.g.,  Professor  of 

harmacy,  and  Dean  of  the  Dept.  of  Pharmacy,  in  the  University  of  Kansas.     i2rao. 

75  Pages.  Cloth,  ;^2.oo 

t  is  a  work  that  meets  with  my  hearty  approval.  There  is  great  need  of  just  such  a  book  in  our 
an  schools  of  pharmacy  and  medicine." — E.  S.  Ba^tin,  Professor  of  Botany,  Dept.  of  Pharmacy, 
restern  University,  Chicago. 

rhe  object  of  this  useful  book  is  a  very  laudable  one,  namely,  to  improve,  if  possible,  the  Latin  used  by 
ysicians  and  druggists,  chiefly  in  the  prescribing  of  drugs.  While  it  is  true  that  many  of  the  profession 
unnecessary  to  remember  the  genitive  endings  of  words  used  in  medicine,  because  of  the  customary 
itions  in  prescribing-writing,  there  are  others  who  frequently  desire  to  write  their  directions  to  the 
t  in  Latin,  in  order  that  the  patient  may  not  learn  of  facts  about  which  it  is  often  necessary  for  him  to 
in  ignorance.  We  hope  that  the  book  will  prove  a  success,  and  by  its  general  emplo}Tnent  in  both 
ceutical  and  medical  schools,  improve  the  knowledge  of  Latin  in  both  professions." — The  Medical 
Philadelphia,  Januar}'  loth,  1891. 

rhe  plan  of  the  book  is  excellent,  the  field  new,  as  it  fills  a  long-felt  want.  All  medical  students 
have  it,  both  the  collegian,  as  it  will  give  a  practical  turn  to  his  knowledge  of  Latin,  and  the  non- 
e,  as  it  will  give  him  a  direct  and  useful  acquaintance  with  that  language.  The  country  doctor  who 
had  the  advantages  of  the  younger  men  ^\"ill  find  it  a  great  help  in  overcoming  this  defect,  and  may 
r  acquire  a  familiarity  with  this  language  that  will  surprise  his  classical  confrere." — Southern  Cal. 
ioner,  December,  1890. 


NURSING,  MASSAGE,  ETC. 

Ostrom.       Massage  and  the  Original    Swedish  Mc 
ments.      Illustrated.      Second  Edition.  i8 

AND     THEIR    APPLICATION    TO    VARIOUS 

DISEASES  OF  THE  BODY.  A  Manual  for 
Students,  Nurses,  and  Physicians.  By 
KuRRE  W.  Ostrom,  from  the  Royal 
University  of  Upsala,  Sweden ;  In- 
structor in  Massage  and  Swedish  Move- 
ments in  the  Hospital  of  the  University 
of  Pennsylvania  and  in  the  Philadel- 
phia Polyclinic  and-  College  for  Gradu- 
ates in  Medicine,  etc.  Illustrated  by  87 
explanatory  Wood  Engravings,  drawn 
specially  for  this  purpose.  i2mo.  Sec- 
ond Edition.  Cloth,  ^i.oo 

"  This  book,  which  is  well  written  and  carefully  illustrated,  will  be  of  service  both  to  physicia 
nurses  as  well  as  to  manipulators.  Mr.  Ostrom,  who  came  to  this  country  from  Sweden,  has  proven  1 
a  capable  teacher  as  well  as  a  good  masseur,  his  instructions  being  careful,  accurate,  and  compl 
University  Medical  Magazine,  Philadelphia,  March,  i8go. 

Parvin.      Obstetric  Nursing.  i^ 

LECTURES  DELIVERED   AT  THE    TRAINING    SCHOOL    FOR    NURSES    OF    THE    PHILADE 

HOSPITAL.     By  Theophilus  Parvin,  M.D.,  Profcssor  of  Obstetrics  and  Disea 
Women  and  Children  in  the  Jefferson  Medical  College  ;    Obstetrician  to  the 
delphia  Hospital.     Revised  and  Enlarged.     i2mo.  Cloth, 

Humphrey.    A  Manual  for  Nurses.    4th  Edition,    i^ 

including  general  anatomy  and  physiology.  Management  of  the  Sick-Roon 
By  Laurence  Humphrey,  m.d.,  m.r.c.s.,  Ass't  Physician  to,  and  Lecturer  at,  A 
brook's  Hospital,  Cambridge,  England.      i2mo.      79  Illustrations.  Cloth, 

"  That  a  work  of  such  a  character  should  be  addressed  to  nurses  at  all  is  in  itself  a  significant  inc 
of  the  high  standard  to  which  the  art  of  nursing  has  risen  in  recent  years,  and  also  a  good  proof 
estimation  in  which  really  good  nursing  is  held  alike  by  the  public  and  by  medical  men.  To  the  int' 
and  often  well  educated  women  who  now  take  up  nursing  either  as  an  occupation  or  as  a  professio; 
theoretical  training  in  the  elements  of  anatomy  and  physiology  is  very  generally  recognized  as  neces: 
all  hospital  authorities.     ,     .     ." — The  Practitioner,  London,  April,  i8go. 

Fullerton.      Obstetrical  Nursing.      Illustrated.       i^ 

A  handbook  for  nurses,  students,  and  mothers.  By  Anna  M.  Fullerton, 
Demonstrator  of  Obstetrics  in  the  Women's  Medical  College;  Physician  in  c 
of,  and  Obstetrician  and  Gynaecologist  to,  the  Woman's  Hospital,  Philadelphia 
34  Illustrations,  several  of  which  are  original.  Second  Edition,  Revised  and  Enl; 
i2mo.     222  pages.  Cloth, 

by  the  same  author. 

Nursing    in     Abdominal     Surgery     and    Diseases 
Women,  i8 

comprising  the  regular  course  of  instruction  at  the  training  school  o 
woman's  HOSPITAL,  PHILADELPHIA.    70  Illustrations.    i2mo.    284Da2fes.     Cloth. 


OBSTETRICS-GYN/ECOLOGY. 

Winckel's    Text-Book    of    Obstetrics.       With    ma 
Original   Illustrations. 

INCLUDING     THE     PATHOLOGY     AND     THERAPEUTICS    OF    THE     PUERPERAL     STATE. 

Dr  F  Winckel,  Professor  of  Gyncecology  and  Director  of  the  Royal  Hospita 
Women  in  Munich.  Authorized  Translation,  by  J.  Clifton  Edgar,  m.d.,  Adj 
Prof  of  Obstetrics,  Medical  Depart. ,  University  of  the  City  of  New  York.  192  h 
some  illustrations,the  majority  of  which  are  original  with  this  work.  927  pages. 

Cloth,  $6.00 ;  Sheep,  $ 

..  Mis  practical  experience  and  laborious  researches  in  the  literature  of  the  subject  have  qualitied  1 
IMS  pracui-di  c.  pc  rertiinlv  of  ereat  value,  and  we  desire  to  compliment   Dr. 

place  l,efore  the  P-f^-^"^ l^^jf^  ''^^  ^  t^tlv-rSon  of  the  American  translation.     One  of  the 
tCs  L^t^llrkls  thT  bM^^^^^  -oiSpa'ny  the  articles  upon  each  special  subject,  while  the 

\  ^  c  jT^n,   n  .^to  1^  -ilmost  entirely  ori-inal,  which  is  but  natural  when  we  consider  the  enormous  a 
rrteriaTr^m  whicr^^^^^^^^^^^^  h^-es.     The  work  of  the  American  publisher  has   beer 

carrTed  out  S  k  is  usual  under  the  circumstances,  and  we  venture  to  say  the  translation  is  put  before  th 
Son  of  ^hts  country  in  much  better  form  than  the  German  publishers  placed  the  original  before  the 
cians  of  the  Fatherland."— .l/^</?V«/  ^'ews,  Philadelphia. 

"  These -additions  make  the  perasal  of  the  work  a  labor  of  pleasure  besides  adding  greatly  to  its 
.One  lalXn  the  book  with  a  heightened  admiration  for  the  author's  learning,  as  well  as  a  deep  resp 
_his  careful  and  conservative  teaching.' -^/«.«V<.«  J.mrnal  of  Obstetncs,  l\ew  Yo,k. 

"  In  this  hasty  manner  we  have  only  sought  to  call  attention  to  the  salient  points  of  this  admirable 

'  which,  Luthint/nrd'd  especially  alapte'  to  the  student,  nevertheless  -i'^ -'^ -P^y^f/^^J;;,^  ^^^ 

all  who  aspiVe  to  practice  obstetrics  according  to  the  most  improved  modern  "^^^f  °^^.  ^^^pj^"^™ 

this  text-lx.ok  used  in  this  country,  for  the  reason  that  it  is  clear  and  concise,  that  it  gives  special  proa 

iopiholoS,  and  that  every  pag7bears  evidence  of  that  thoroughness  and  sound  conservatism  which 

\  its  distinguished  author  unequaled  as  a  teacher  of  obstetrics.  —Medical  Record. 

^'Winckel.      Diseases  of  Women.      By  Parvin.      Seo 
Edition,  Enlarged. 

^  including  DISE.\SES  of  the  bladder  and  URETHRA.       By  Dr.   F.   WlNCKEL,PrC 

of  Gynaecology  and  Director  of  the  Royal  University  Clinic  for  Women  in  Mi 
Authorized  Translation.     Edited  by  Theophilus  Parvin,  m.d..  Professor  of  C 
rics  and  Diseases  of  Women  and  Children  in  Jefferson  Medical  College,  Philade 
Second  Edition,  Revised  and  Enlarged.      152  Engravings  on  Wood.     i2mo. 
New  Series  of  Manuals.      766  pages.  Cloth,  $3.00  ;  Leather, 

"  The  popularity  of  the  work  is  shown  l>y  the  rapidity  with  which  the  first  edition  was  exhausted, 
(Njiis,  i^erhaps,  no  more  scholarly  or  intluential  authority  on  gynaecological  subjects  among  our  Uerman  f, 
A^<,than  Winckel,  and  this  fact,  added  to  the  respect  and  esteem  in  which  his  American  editor  is  umversa 

may  ser%-e  to  explain  the  early  demand  for  a  second  edition  in  advance  of  a  second  German  edition. 
X)t;A  novel  feature  is  furnished  by  the  chapters  on  diseases  of  the  mammary  gland.     They  are  not  gener 
inc  cussed  in  works  of  this  character,  but  we  have  always  been  of  the  opinion  that  their  consideration  w 
ibb  as  appropriate  as  that  of  any  other  portion  of  the  genital  apparatus,  of  which  they  form  an  essential  el 
Iru.  —  The  Anuncan  Journal  of  the  Medical  Sciences,  Philadelphia. 

S  "  Tt  is  neariv  three  vears  since  we  had  the  pleasure  of  re%-iewing  the  English  translation  of  1 

\V7  Winckel's  '  Diseases  of  Women.'  The  favorable  comments  we  then  made  we  have  now  ^ut  to  ei 
connection  with  the  second  edition  of  this  excellent,  lucidly  written  gynwcolo^cal  work.  Y'/^ 
hou  Parvin  has  most  thoroughly  revised  the  former  issue,  so  that  the  reader  meets  with  only  the  latent  ^ 
Tad  matured  opinions  on  the  various  debatable  topics.  We  should  like  again  to  direct  the  attention  ot  tnc 
as  ested  in  gynsecological  literature  to  the  subjects  on  pelvic  neoplasms  and  diseases  of  the  temale  ur 
pee. bladder.  The  work  is  profusely  illustrated,  and  we  feel  confident  that  those  of  our  readere  who  . 
Vrt.  careful  study  will  derive  much  pleasure  and  instruction  from  its  pages." — The  Practilioner,  London. 
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